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wsoi ^sftr sf n mow m?HJi£ 
^ was asaiassassMsi aisuis a BssiasifflssMoii 2101, mo\ o\\m mo\ ?z\m ^2 

£g^^ SFfc m LH^ ^P£|«|°|0| S|2|& ^ CMP( Chemical Mechanical Po! ishing)gOil 

^JoH m s^oi£i2j ?eihws aoKHi 9\m xnxmoi hh^m ^hxi^ BsaiasifflssMoii ^§ 

e^Oil ^^HIS^SJ^OIIAH bH£#3 OtIS WO\ 1^^ feTCHI B*¥QIh(A1) S3 SE^ g^@!(W) 

2§§ g^sme «a*s m. ssa^nami 33011 sum uh«ssw &oii uH^nHem sub s 

BilXI^EillHeg SSSKM. Df^3£ oWM E»0I2!8 SSOil 2J6H dH^D«©e §SS82ia. 

nam. 01 ai &s em ois»t shoh/h^ bn<y°i DiAiisa asoi uiitiH&si ecu ji- bxhshhh 
now w& m&x\&o\ ma\mo\ besissisissxisi a^oi xm»fc §si sup* sjaa. ms\. n& 

LSI CHI AH 3 X-ioHQoj a ^l]\J[ « a ^Jof2 &Ch 

SEB. 1995, IBM J. Res. Develop. Vol .39. No. 4, July. 1995, pp419-435 ££r 1996 Symposium on VLSI 
Technology Digest of Technical Papers, pp 48-490IIAH . aa^OII W&Q S -feh Oil ?£l(Cu)B ^SES 

es xh?-i a. s oi^bi CMPSdfapiaiaD^js oisstoi hi 

^sssmi m moii dH<ynHee issfe &b(±?i oow enoi ^ i xh a ch ao. 

SEB, ^3HS 7-297183^ ^SOjl^ BE API B &0\\ 121 &0II bH^SM BSSHa. EE 

B ISQfl ^Oil 2E£ bH<y#m «HdII XH?-I «S0I S0G(Spin On Glass)^ 01^ 

chxi^ ssasa usem. s^sfe s 2E£ an^ee ao^oi £££ dH#s°^ oi^ojxi^ oh 

£g BH^SOil SgSH; D\&0\ D\MS\0\ SICK 



&S0I 0IWJ2Xfof£ Jlftm MM 

nanu. aa^oii s«& s ^oii ^di(cu)^e ^semisss ^^m xh« ^. a 

£J¥°j oi^Hj CMPa(a^^i^iao^)M oiga^ hi^b^ ^o\\ ^m, g 

0im°| SHIM B«AI!!Ob 31 ^OhWia. 01 ^HISM £ 73 H AFgshOI iSsf^lLf. £ 73^ ^ ^ 
SXfMOl S§S SHISS ^§afb £22^, (a)fe (b)fe (a)0||AH£| b-b E+aE. (c)fe(a)«| 

AH^J c-c&aEOIO. SE». £ 73 ^ ^Hl^ £1^ tiH^SOil DISH A) a £A| SUM , 3 ^XHCHI CHoHA)^ 

A J^oR 561 ». 

^, 13^(201)^011 tiH<^(202)e SS6PI ?loHAH^ an 8 0^(201)^011 UH^^^g ia^(203)§ 
SJ^IO, 01 §a^(203)0|| tiHdS(204)M . ia^(203)Oi!^ ^d|= <^Sf°|0l AfSSQ. 

□ i, bH^^(204)M 0Ha»SO| 99^(203)^01 bH<y(202)g S^^(0IIS ^CH ?£|(Cu))« 

sj^i^oj. bH^#(204)oi£j£i aa^(203)^si cMPaoii 2ioH ao^foi Hi>iea. ois 21m m 

a»(204)moiia ^^sioi 5^6hn dH£(202)oi iseo. nd-iu. aa^(203)a ^aie ^^nf an 

<^(202)M 3^(0||g mO\ =?^\)mO\\M^ S^2£ ^dl ^Ol CMP 21 o4Qf^£^ 3Q. 01 OH 

SOil r bH<y(202)^j Ha¥^0ll fim(lH3)¥(205)^^ «»BQ. 01 fig¥(205)^ P & (dishingMS ) 

°j i§2§ vaa 3101 a. as, cmpchi sis aoKHi £]oh ia^(203)sj saoii ^B^xum)£ 

0I2J- fim¥(205) ^3S!xP|- ^XH6^ ^EH^ 3 ^SOtl ia^(206)g S^6^a. 

Sa^(206)2| HaOil£ fim¥(205) SE^ ^33!x|0ilAH ^laSfe B^BSO. 01 2I^3f ^Hi 

S ^ EH Oil AH §aQK206)0ll MaH3(207)M CMPSOil 2J5H g^Sfa. ia^(206) fia°i S#¥0il 
Ma-i3(207)S ^gaffe S£S1(208)0| SMIS^I SD. ^. Ban (207)21 13^(206)011 JW 1 ? 

B S^gH) m^Oil M2O(207)e ^^af^ SCSI'S DH^&a §A|0|| ^ a ^(206)^011 3^Q|M SJ^j 

am oi saoi"(206)^si cmp^oii sish hi^&osmi uoiia ^^^01 &^s^ 
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X|o>, §2^(206)21 fi^Oil fig^(^H5Sxl0ilAH 3|oje*^ S»eO)3t SXH5*E fii¥ UOil 

£ S^2| 3£Ma(208)0| BUKCK SEff, ±33! Xl Oil AH }|°!S*b SSVOilE S^^OI S 

HIT }*^£0I SiXie? £SOilAHfe ^^6f2 &C*. 

oi2f as SEsa(208)2i hbh °j^fii0 3oi om^i oisoii tjf^^ani gsn:*. *k . 

820(207)^011 12^(209 m S£!8*3 01 §301(209)21 dH£ SOil HH4!(210)S iSsfS, 13 
a0J0f» UHfl (210)2*01 SSEgii (208)21 ^XHOil 2J8H 2^1^^^ BS*3 0t B*S»aS!ffl£Sfl2l £^ 
S90I tt«S8^l SO. 

SE, 0121 as B£O(207)B 0|go*J| 3^3 ±¥i SgaCJ*£! (dual damascene) S 2 ^ tiWttB 

SSSfe 3¥0)|£ s&aoi g*£S»Ck 

s ss§ oi a as gmge sHiepi ?i8H iraa 2^, e ^g2j *i*is cmpsoii 216H s^ei thi 

1 S^bHtf #21 §2ii2^2J 50i§^I 8f#5*fe }|#M □! &C*. 

SE§h, g ttSSI C*^ ^*<S CMPSOil 2joH SSS HI 1 S^HH£ #2| HI 2 3^dH£2| Ail^l ^ 

Hism, aEaasjfflssxisi ^sosoii ch» xiissi die - oim '4**' oia* »cn iiasi » 

»»fc Ql 81 Cf. 

£ BS2| #3| 31 32121 ^U* <Mf?s§° s gA||AH2| 3|£ S §¥£21 eSH » 4 218 2 0IL* . 
SSOII/d 3>HA|£|£r SS g, OiS^oj 22| 3>H2S Z.^E+81 ggofS C*MI2* ac*. 

(D s Btasi asEHiasiasaaife bjsehi ^soii gs@ bssi ^»2f, bjehi ±x\°\ 
oil s^soi 3 sj^oii sm^oii mp&m oigmot ¥xh:>* qhu9 si 1 ae^n* , 

hi 1 §2^121 oil g^soi n ^^oii sm^oii cmpsm oig8*oi 2^ ^hui- oh 

^JS XII 2 ISQfi }*Xlfe KEfliaSifflSaMS, HI 2 aBOHHIte X^I^^^M ^fXlb 12^ 

01 s»gfe 21 aea. 

012* as e*£«ias!ffls§«oii 2i8*s hi 1 ge^oii oh^s £E£!¥Hi3* CMP^oii 21 » eo*oii 2jsh 

Q6i(8)8 SE HI 1 i2^2| 5£0| CMP CHI 2J§h £0*011 2| 6H ^33!x|(S)8 2*XI fe 201 £1- 

£. M 2 S^^OIIfe SeS^^^OI S^SJ^I OH^Oll 3 SSOI S&sf33 ^^1 CI^OIU ^3^X|2J 
SlfS HI 2 ^3^2| H^Oilfe UEIUXI ^3, HI 2 ^^^Oil XH^ S£^¥XH2J CMPSOil 2|«[ g^OI 

^f^6i tyahoi acF. ^, ^§^i^2f§ s^a^xi s^oii hi 2 1^^ s^oj sa^oii . 
hi 2 aastoii oh us s£^^Hi2j sw^oi gsaxi a h 3, ^^1 &#§oiiAH ^1210^ hi 2 
a£^¥XH^2j A§i§§ »xiir ^ 01 &£xnas!sissa2i timgm m&m ^ 
jaa. 

SE, HI 2 12QJ-2I H^Oil 2i¥^ ^HiSfe S^Oil^ HI 2 §€3^121 £J££¥H1g Hl^ 

e ufsa^i 2of^ gfi^h ^y^iu, ^ ^soiiAi^ 321 as hi 2 i^^i 9321 21^^ g^sxi at 
^1 an soil »£B ^o^m ai-xi a^p. 01 aa, hi 2 aeotoii dh^^i ^£^^xH2j ci^is ^ 

XI6F3, ^¥Oil §^£|^ 2£^¥Hi2J m&m as Ol^Oil 2]6H ^^81 g^o[2 3 AiiHi 

»JCItt 4^ SIO. 

SES, HI 1 SEfe HI 2 le^eiS 3 fig^Oil dH<MOI bH^§^g SE^ HH^lS^g M&Bl 

t= m&B&m&^z.g. m ^ 9in, si^b dH^gae i^^ioii m&m se^ hh^^^i^^ 

Oil §^2§ S- ^ 91D., S£^¥XHfe bH^SOil S^S HH ^ SE£r S^SOil §^^1 Mai3^ 

SE, ^§^i^Rg HH^g^g l^e|2| tiH<ymoil bH^^Oil ¥)x|o^ aH^!S^§a^01l2^ 

£ife ^, SE^ UHdS2>aaot2| S^gOil g£i3^0|l ?lxl 8^ bH^S^g a^^OIIB 

^ , se^ bH<y§^g aeofsi bH<ysoii uh^^oii ?\x\ 5\t= «Ha«aaaQj- a uK^ssa 

QOjoj Q^soji |gg MEH3 ^011 ¥1x1 6^ HH<y§^g aS^2| ^^Oil 5^£lfe 01^8*1421 
^^^^ 5^ 201 ^f^ohCi. 

se, hi 1 a hi 2 ae*st2j ss^^oii m&m s bH<y§2] s^oii s^g£^ 

0l¥0iXI3, fjt^^XHb bHdSOll 1^9 HH£¥2} S^gOil S^¥^F aHI^H^ l^S 2^ 

S » 4^ ^. bH^mV^OI ^x-il^jo^ 2i¥ LH Oil ^Hl^^^ 

bH<y(4:¥l ^^aOh6iao|| o| S tiH^DOilE 2|8« 4 HO. 

se, ss^aesioi ssste- hi 2 aeai. bH^se.^^^ bH<ys^g ae^^s xpi^e^e ^i- 
xi xi s*^ ui4?s4iaav. ^s^aem » bissaaaafsi 3S^^s ?ui^ 201 as ao. 

SE, ^SSa^^o^Alfe SOG^l 0I§& 4 SIP- . SOGQ|o^A^ ^^ISOG^, ^^ISOG^ S 
MB.|Aiah2H(polysllazane)^|2| SOG^g OIIAItt 4 s HSU. ^^ISOG^OI 0^ ^&8fD. ^hg 

aaasi^sAi ^pisoG^g oigate, 3201 sssi^ hi 2 m&^, w&m?}m&^ se^ yn<y g^e 
a a ^1 oil s^e.i^3snni^i^e ^gafCM Ji^m ^AioF3. ss£|^32Hei2| o^a:^ si^ sseiixi^ 

M^g ^^Oh^(ashing)0il 2|8H Hl^^ v Al Oil «3IS0GBf2| 4^01 B^Sh^U SE^ S4^^0l afflXI^U 
8*01 £}£xilS3S]^§x|2J ^^I^Oil d*^^!8hXI S§f S§*OI B^e[Q. 3d^U, ^§^i2 Q 42^^ ^ 
PISOG^M 0| §6^3 32* aS ¥^^&S ^^8* XI ^^Lf . 

se, ^s^aa^ssAife 7ia«taisoiiAisi Aietk(sManoi)°i ^^3* xHS^ie^oii/d2i Aia*^2j ye 
oil 2j5H m&z\t= aeiB«»of2£ a 4= aio. 

SOGRS CH^I^?I^IOilA1 £SOi| 2|oH §^£lb EI^OIU. »9C9I?I0||A| 01 B MOi ^&^*^(silane 
gas)(SiH4)2f j»«»^^(Hsft)»2l 2J6H A|£*fe(H n Si (OH)^)B ^l&S0Oil B^AISt/d 

E|e|o£ 8*fe, 5IM|^EHS0||A|2| A|£*M2| ^^U| Xi S^l AH 2| A|a*fe2| ej-SOII 2|5H AlBIStiS 

^01 isaa. 012* as ^eis^t*^SE ss^aasf^^^ oiiais ^ 9io. oi^ioiiAi^ Aia*^g^ 
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2| gfg^S/H M&?l±m «IAI»3 ZJt2.Lt, ^±J\(-H)J\ Dill Dl (-CH 3 ) . 0H«3l(-CzH5)g2| WCPIS 

a«» ouoiaeKaoiiBaet. saoiiiiftist s) 5b omaeHcioiiiiftie. saawtfe s)oiaE # 
a. 

SE, fiS¥. bHtfg SEb ^(W)b 3 £am(Wmaxm a^^(Wmin)a2| g?|LHO|| Slfi&l, Wmax 

(2) s ua e>£«asifflssflfc ysxpieai ^soii g^s ^sehi^xfsi- y£»i£»2i &¥oii m& 

SCH 3 gJ¥OII ii££J £g¥OII CMP^M 0IS6KM S£g¥»PI- OH US HI 1 800*3. HI 1 § 

a o|oj a^oij ggg:Q 3 SJ¥OII SgS £S¥0]| CMPgm OlgSKM g£ 9 2££¥Hi^ OHiJS XII 2 
§Q4Q|g BEfliasifflSaaS. HI 2 l^^Oilb CMP^Oil 2J6H S&sfS g£9jOI 5^£JCH 

t 33 0IQ. 

oi a as ysaiasifflssMoii gsiatnoii pi me 23 aroi cmps cmi 9\m ae»s aeojoii °i6H 

HI 2 §0Sv°| g&s*£J3 HI 2 g^l^Oil XH?-IXIb §£01 *>*joMI 88101 H At 3 

ii§I§H &X\W ^ 2iCf . SE, HI 2 ggQfOII OH^IS 2&£¥JH2I 3£ff <£U\m &XI6>3. SE§J « 
¥0j| ii££Jb 2Eg¥XHS>| §£M ^^61 gJSKH 3 ^ilgf ^ £13, 01 ^3 &£»iaS{ 

assflsi tim&sx ££» 4^ &b 2s £>oio)3 «o. 

£E§h (2PIXH2I BJEXIiaSifflSSMOII 2*101 AH , 2S¥ SEb bH£#Oil 1^9 HH^2J ^ 2 01! ^ 

^sj^e s&s 4* 

(3) s &s ^SExiia^sissxisi hissss ysapiesi ^soii ycai^wa. &exh±»£i 

^¥0)1 i!££|01 3 ^¥Oil HI 1 SES^ffl^ ONUS HI 1 IS^, HI 1 g£^2l ^3 Oil g££jCH 
3 S¥OII HI 2 2££¥XH^f OHilS HI 2 IS^i D\X\S= E*£Xlia2«ffl£S»2| HI3SS3°£. (a)2j 
CH£ ^£^I4:»^ BJESIPie^OII HI 1 £i^6f3 3 ^¥Oil fiS¥S asmfe g§. 

(b)fiS¥2J LH¥S £§§fb HI 1 ^0SfS| ££Oil QS¥M xH^b g^mb i§. (c)2 

££2JM CMP g Oil 5j6H ^D(-oF3 HI 1 ^2^21 fiS¥LHOHS| x\^&Q>m ^ HI 1 3££¥HiM §^ 
6fe §§. (d)HI 1 S££¥HI2I ^¥Oil X^l^e^M P^lfe ^e^^^^im U^5^ g§, (e)^§ 
S^0Qte 5^6fb HI 2 gS^Oil fit"! g^ol-3 3 QI¥I XW^tz S££9IM M^m ^32 
££^m CMPSOII £\m &0\m(X HI 2 2££¥HiM s§i sg-s^ 20m. 

Ol 21 Ha ^£XIIS2«S|^§X|S| Hl^^SOil S| 5^ a^KD^Ifflfil eiEMia^fflSSMB HI 5^ ^ 2i 

a. 

SE, Seg^^^OI PI^II^EHeOilAHSJ A|^^£] ^£3f XiBPI&^OilAHS] A|£^2J ^gOil 2| 6H g££J 
^ ^d|^<M-sf°|o] S^Oilb ei£XIPI&e &&m9\D\ol2\ ^g^Oil 100 o C0|8FHJ JJgog S XI 613. ^ 
e^UiOil SiH x M4-*(B MS 1 - 33 S^:H. 1^x^.4) » H 2 0 2 S ESSKM AI^^S ^£SF3. Al 

^oi m*\m &S:m?\&m sxH£ig-o SM | ^ oi a 0 i ^^^k-mjsi e^^^i- s^om^^i 
e^i^oi Ho^ea. oi an ^ oil eie^si ^013 *}^x\\j\m2i ssm i\s ^s sse^ ^ 

^ 2lO. OISJM BBSS fiXIS BEM3IBtfSS2| ttftlftl&(SiHJI^)S| »«T0| ^ & 3 OH Aldhte^S^ 

hi ^eoi ^Eapiesi ¥5 oil ah ^d\^ mmo\ ^o\bq. 01 ^3, sisp^si ^mm ^01^ >! 

01 P^oH 5E, SlSP^fe PI^OilAi geSFfe 201 d^^6FH^ **%±D\2\ 30\o\D[ ttl& 

SE, HI 1 S££¥Hi^F S££l^ fi^¥3 ^(W)^ 3 ^□^ (Wmax) ^ h n s|^s( W min)Sj 4bH0im(Wmin 
^W^_4xWmin)9f ^ VLO . 

SE, &O|(b)e§0ll 9JiOik\ HI 1 gaa|e| fim¥Oil OH^JS £!£SRS 5] ^^(Wmin)2| fiS¥OilAH°i 3 
fi3(H1)3 5iCH^(Wmax)2] QS¥0||A1£| 3 S3(H2)fe ^3 6^3(H1 =H2) , Ifi S3(H1) SI(H2) 
!= HI 1 Sa^o| H ^o| S3(L1)MDf£ ^S(H1^H2>L1)5!^^ ^ 4^ 2iD- 

0|£f as ySESia^slSSxIHI HlS^aOII (b)SSOilAH g^SIb HI 1 2££¥Hife HI 1 g 

HOfo| Qg^oj ggcaoH jmo|j|^2 ( x-ii i S££¥IH3 »a^|- 9Df£JH, S&l|£i>il 01 g 

CHI AH g ggg Ah^j ^PHS7-297183^ g^Oil ^IXHS D\^D}~: &0\m ^0\C\ . ^, ^9| g^Oil ^ | XH & 
PI^OII Oi AH i= , bH^SHI ^Ol S^OilAH^ S££S|£| S^^OPI- bHdSfi^°l 52aCI£ ^ 

3. 3 CEH^Oil SOG^ISI El °! Oil 2]oH S££Q|S El^& ^Oll OIMM ^Dfo^3 bH^aOil tiH^M igefS 
bHdlHSSJ fia¥0|| SOG^OI &W6fb 20ID. 32HU. B »aoil/dfc HI 1 S££¥XHM S^SPI ?l 
^Q^M ^A|& ^ Oil SOGe^ SiSIglBfi l|2«Shfe 325, £>0| gSOil ^IXH@ ffl5SEI3fe 3 
SSHJ ^ AH Oil S^OiAH ^OISFOI. ^^|2f SOI 5j^^(Wmin) °J fig ¥011 AH °i 3 fi3(H1)3 slCH^(Wmax) 
9\ Qm¥0ilAi2] 3 fi3(H2)2|- »2| § ^ 6^3 (H1 =H2) , fi3(H1) ^ (H2)fe HI 1 gSS|£J S££] 

S3(L1)^C|£ feS(H1%H2>L1)X0|H5, HI 1 SSE£¥HH^ &D\ ^ S Oil AH 2] bH<y)2J Xh xHI 

^^ sfoie 2oia. caeiAH, oia ^s ^oiei- jaisg^eoii sish hi^^ Bisaasisissw »mi. hi 1 
S£^¥Hi2i H^oii cMPOii s\m fiS¥(P£!)oi w««Q8tciaE >i^ioii sog^ ^eag^°ioi 
swmxi s^b soiiah ^oi gM pixh^j ^i^oii sjoH hi^s BfEjjsaa ^oima. 

SE. ^?l(c)530|| SiOiAH BOfg HI 1 S£^!¥Hlb sl^^(Wmin)^ SS¥ OilAH£| HI 1 S£^¥H1 R 
e^l a^^(K1)3 ilQ)^(Wmax)£| Qg¥0i|AH2J HI 1 2E£¥JH°i 5^21 Q4IB(K2)3f i^gfa 
(K1^K2). Oia &£X«a*!SIS9x|2| H1^H23 ^2jo^ ¥E H ?|§£lb i^OID. 

SE, S§^§a^2| SOII M£^OKM)S SEb ^CVD^M OIS& cvo^aie^if^s S|5|ah3 3 
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SE. HI 1 2££j¥IHa IS? XII 1 £j££¥XHa H2B §£r *<yg*XI4. OIIS BOi 

m^m ^ sack 

01 a ^SXIIS^aSSxISI SIS SB HI 2|S^. HI 1 *j£a¥XHS =?^o\^ Oil M MOi §2] 

(4) s its e^aaasssaxia assets acapiesi ^eoii e*£a±»a. asa^asi 

&¥0il §£33 3 8t¥0ll HI 1 £££¥XH?r 0Hg9 HI 1 aH43K HI 1 124a &H0|| SSSIZ 
3 tt¥0ll HI 2 3E£¥XH:>r HI 2 3041 3Hlfc BJEaaaSfflSSXISI a2ESH2£. (a) S| 

CH£ BiEa&IKH ttSa^ie^OII HI 1 3 0 48 113^3 3 m^QU fit^i l^6rfe 99. 

(b) fig^a IW^-m 2ES8Jte HI 1 §24a H20il fii¥l xH^fer a£«48 938hc S§, (c) 

a£S2ti cmpsoii ^ oh aowa hi 1 §24a 2t¥ lhchi°> hse«48 y^m hi 1 2££¥xhs 

l«5lb S§, (d) HI 1 £E£!¥Hi2l #¥0ll «EISfch»48 AjaB**»48 CMPS CHI 21 SH 

20h8H2 HBSWfe SS, (e) £!£|S6>S4S S»8Jfe HI 2 §24011 fii?I m&olU 3 2§¥I 
xH^b 9£^5|I * 3 5j£S4i CMP SOil 2J5H HOWW HI 2 2££¥HIS |^6fb g§l 

5»st 33010. 

oi a &Eaa2S!fflssf«a assBoii ame, #21(2)011 3iae ysaasifflsaxia a£« ^ 

HO. SE». HI 2 124011 fiSSfe ftl£ia^»48 CMPgOil 2J6H S^£}£IJI MS Oil »3I&S£8 
S I! fife 2J3, S£^0rCVDS. TEOS(0I M drOII^AI^ & : tet ramethoxys i I ane)§B 01 SB* CVD£ = CHI 



Sf§f*2f Si zrs 

01 SF B gj-goj ^AIOIIS E^I 21 6101 ^ All 61 ^St^CK SE&, ^AlOflS «S8}3I «6J 2 E 2 Oil 
&CHAH §3![ ¥HI0llfe SBI8 ¥11 ¥£13 3 S««gg »BfeO. 

(4JAI0I 1) 

£ 1 8, a »aa » ^aioiioi ysaa^si^sxia a orb eai» Besom. 

B 4!A|0|| 1a BhEaBSIfflSaMte. OIIS mO\ SOKSiMcon On Insulator) 12§(2) §J U S4;Xr B 
£IS4(3)B ^Xlfe B£fl ^ie(1)a pH(4)0ll nxH^MISFET(Metal Insulator Semiconductor Field 
Effect Transistor)(Qn)0| 310IP. S0I^2S(2), UMrfcXf B£l94(3)g. OIIS mO\ ^dl^ <m- 

»4££ ?S9Cf. 

nSHy MISFET(Qn)g, BEa^lB(1)a ^2 #0f| IHIOI M^24(6)B DPHS oHAH ^1101^2^(7) 
2f. ^ilO|MS^(7)a gf^a ^EflPIB(1)a ^20il ^iy£3EI§^(8)§ ^hXI ^ 512^, }| 

01^2^(7)2] ^2 S ^SOilfe ^gZH9) * ^12^1(10)01 4^1 S^SJOI 9lO. 

>II0|M§24(6)B, 4- nm£j o^JHIS ^Xlfe ^£IB^a4^^ OI^CHXIOI OIIS MCH ^CVDg SE^ ^ 

<^ si soil 2j6H m^m ^ aia. 

^101^2^(7)^, oiis eoj xi xi g- a ^§ ^ai^°tH^ oi^cHxiw, 3 ^goii ^aumi^e 

§°| i^§i g^oHAH Xi XitmS ESoHE §CK 

g^£fllS^(8)8, nxHyMISFET(Qn)a - H5il2J S^^^AH IM^Srfe 51^^, OIIS MOi 

2(P) SEfe d|^(As)ea n^M^MOl 3fe£^ £gJ£|Oi 9lO . 

^oim2^(7) sy g^geiE»ia4(8)a ^¥011^. wsu. MoSi x , Tisu, Tasi x ^a nmm^^ «| a 

AfO|H4M ^£IA r 0|E4g §£8H£ ICf. 

*«SZ.K9) g tS§24(10)^, OilS BOl ^£|^^&4 ^dl^l§f4^^ m ^ 2i3, 

Sf4§ Afggfe S^Oilfe, 3 ^E|^gSf4H^ OI^CH^! ^§ZH9) ^ ^^24(10)M D^B^AH 

AFssm , m^m^ m&m&^ow xpi §i,^2£ g^gi :h^^ ^ 2^0. 

ysapied) a nayMisFETCQnia ^¥011^ «aaaaKna)5i- s^acn 210. saae4(iia)SAi 

BPSG ( Bo r on-doped Phospho-S i I i ca t e G I ass ) 4 S£ PSG ( Phospho-S i I i ca t e G I ass ) 4 § 2J 
aiS^¥(ref low)4S A r g^ 4= 212.1}, S^§24(11a)a 6F¥ ^¥0II CVDS £b 

^H|E|§(sputtering)^ao|| a6H «aB6h»4a-a ^§°4°5£ if 4= £ICK eZH24(11a) 

ll^S * OIIS BOl CMPSOil a6H 2D r aCH 3 H20I S^tf£JCH SICF. 

g^BSI£aS4(8)^a S2f§24(11a)0)|fe S^S(12)^F Sx|£IH, S^g(12)0ll^, OjlS mo\ ±m 
EI§(sputtering)SaOII a3H l^@!4(13a) S OIIS BCH M^!i! (blanket) CVOS SE^ CVD 

aoii s\m o\mo\£i 3^SBH3d3b)^r s^aoi aa. 

#2}§24(11a)a ^SOIfa eZI§24(11b)(HI 1 S^S24)0| bH <^ ( 14)^h 

saaaoKiib)op bH<ys(i5)uioii g^soi aa. 

S2J§24d1b)£= OIIS BOl CVD^ SE^ ^EHEiH g^j^j ^£|2a^^2^ ^^^p. SE^, 

Saaa4(11b)3 H20ll^ ^35Bxl(11c)(S)0| ^^3CH 2iCf. 0I3J^ ^^6r^ bha ^0|, tiH^(14) 
a Al Oil tS6rOiXli= CMPSOil 2|» 2 Or Oil AH , a**J6| Saa04(11b) S2a S^40l Hl>i£l^^ 

Oi^ S£a 2tH 20rS ^5f£^ CMPa 20rHIOII aoH §*e! MOID. 

HH<y(14)^ ^2EES(14a)a SaEJEffe4(14b)S OI¥Oi£!LL ^2£S(14a)fe OIIS BOi ^Pd|^ ^£ 

axjoh, oi^syoi oma a^oi^ se^ m±m oiBa esoiai-s mo. oib xi xi^soi 

HiSS S£S2§ i^Q^MI dH<id(14)a DIAIISfOil WtB BHtiH»a ^> h ^B 4flltf ^ BO, OlSM-i 

ysEaa^sissxia 3^^ifs ist 4^ act. aaEiEt^4d4b)fe ^S£#d4a)s =?«ajfc his 
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mm mo\ =?z\si mvm gjxisife msu z*saiij4* an. asEiEmcnroa} 0121011. wis s 

01 &g(Ta)S*. §5} eg(TaN)ef. gsl g£@!(WN)at. ±EH EH (sputter) g^ejej. E5= OIS°l 

6isis(si)j»2i & 4= &«. 

HH<9(14)°I ^BOOte P6J(14c)(S)0l IggOl SIP. OI2g, HHd(14)2| ggOl ?£6lfe d121 1?0I 

cmpsoii 21 e a won sish ngsioi. auburn ^&sife s^iHeai aaaeaMiibm sai 
E^asfasi cmpoii si & ao r ^E°i a} oi on 2ish g^sife 501a. g^oi ^Eis^sisrai hi^sh 

AH CMP aoi^EDI 32 dH£ (14)8 £f*J6l SSS^I flSD CHE §E2| EbH SOU S^OIIte ^dl 
S<i^e|3f UIHoHAH g^oi »«££! a 01 £10) &0I3E3 H01 g^SIIHI gQ. 

dH<y(u) sj s^§a°i(iib)2j ^aoiife e^ia&f06)oi gggoi sick »^sem(i6)8 dH<y ( 14) 

Si g2l§c4R(11b)0|| §6H iSS HSgJg(16a). g&2l#(16b) % aSBMl6c)3 ?8gC1. 

M3|jS(16a)fe, 0)19 SCH S£|±0l CVDS Oil 2|SH §SS *J£IS g§KSiN)&f© S S 4 2i2 . 
dHd( 14)2| 4^£!ES(14a)S ^golfe ?£|£| «r#S ^HlSlfe :>15!P. 0ISM1 §§1 ElElfe 

Ht(14b)2| SM| g^gaatdia), (, 1b ), (16)°£2| =?& atttS gfXIolOI 32S2I I3g§ 

ailom. &EMIS2ISISSW2I 6!aS§ fe« 401 Sia. Eeh SSS o*(16a)2| Of ^Wlfe *j ai 3 s 

a^s Ah get g^oiife °t loonmg s ^ aa. 

§&S1S(16b)te XPISSSS IHXIfe fflaj- (MIS SCH S06(Spin On GlassJ^og 0I*(HII2. 
i3S!»(11c) SI P£(14c)2| ggfS HI318KM 3 HSS S§S1i 4= 2JP. 012} SOI S&51S(16b) 
S 31S°SM1 S2ll3af(16)2| SS2| g&Si *rSS 4= 212, ^sSH=r d121 SOI »aaSBK16> 
Wl XH9I ^8 HI 2 S dH<3°l IS AIOII 3^Q|2| »#§2| ggS &XI §101 HI 2 S dH£2| A§f§i 

axism, &E«ia^sissa2i 4 em &!sigs er&ti 4= sip. 

§2^(16c)te 0(|g SOI CVDgjOH 91 8H ISS ^£13 ^S1(Si0 2 )a|° £ S 4 SO. S2iasa*(16)2| 
s^jWIS ^SShb }|SS 3>I2P. (U£UH. I!ErSlg(16b)0ll 216H S2}«aej(16)2| Sf8j mejuj m 
Si 4= 2ife S^OIIte S^OIXIfe sa. 

S&S 0 OK 16)011 te «H<yg(17)0l g&SO HHd«(17)UI01lfer Ji\ 2 g^dH^a HH<a( 18)01 gSSCH 2t 
P. SE. dH<a#{17)2| Si^fe 3 ol^OII SSSOI UH 6! (14)011 g^SPI 9IS S^SE SSSP. 

^. dH<Sg2l §^§I SS8HI. 3 dH£S SI S^g LHS S&olfe Ul&Oil g^etS U^iSh^. OAS 
SCH CMP 3 CHI 21 SH dHd!S 0|2|2| g«2| g^efg fl|91oh0| g^dH^ SI dHtfg StOS S^SIfe 
Df01<y(dual damascene)a°£ S^EIOI 2iCf.. 

dHis!(18)S dH<y(14)2f SOI ^SE#(18a)£1 m® El Els a|(18b)S OI^CHSCI. ^SES(18a)& WIS 
«CH ^£IS OIIAIBt 4= 2i°U. &^QIs. S^@! SEfe Z15S2J if30|£1E IC1. 01 B H X^i > ^SOI y 
S IHSS ^9 S£S£§ dH^!(18)2| 0IAIIS101I dig UHtiXH»SI fe^S SjflIK 4= 2JC1. 01 

sMi Bhsaasisissxisi 2^^sis ess 4= sia. ssi aefeoKi8b)fe 4^ES(i8a)s ^ssh 

BIS OIIS SOI ^£|2| ^Xlolfe «SiJe|oSAH SfS8l3ll & 4= 2iH. §SfEIEffeaf 2121. 

OtlS SOI &&S|, SSf &g°f, ^EHEI g^@!a|, 9Efe 0IS2I ftl£ISS&SS£ S 4 SID . 

SE. dHa(18)S ^^Shfe Hh21 SOI CMPSS M&& aolOII 2|8H S29e<af(16)^0l IS@ g^^S 
ShOi IS£IU, §Zf§ae|(16)2| ae°1 g&gg 4,0121 SOI SfeQCH °!o°£. 3 SaCHIfe dH 
aS(17)0|£|2| 3i¥fe SXHSHI Sf2. 0J£|AH dH<y (18)01 2J2| S^Qf2| 5WS0I S^SXI StbCI. 

oi msoii g^ esgon/H ^lasife dH<yd8)°i A§igg a^sm am. etsEaia^fflssflai 4g 
2f <ya^2i S4fs ssag 4- sio. se&. S2isaoKi6)°i saoi mss\ s&spi ohsoii bn<yd8) 
s §^spi ?iet cmpoii 21& aoioii sichah jkzm aw aoife segjci. 0 | sai. dHdd8)2i p^s 
ajflism 3HICUI- am 21 m&m 3 3^dH<y s)s s^°i dH^2i ^s Bgrs g^xisiot. &> 
s=«is2!sjs§W2i 4§3i ttm&m s^ais 4 sip. 

dH<ad8)^oii ozhae<Qt(i6) si dH<y(i8)2i ss sztaeot a dH<as aasm. se& cis°s 

SHE SO. 01 S^, #(16b)£1 S8 S&S1SS ^x|S|01 dH<M2| 5hSS af^SI SS 4 

Slfe dH^( 18)2| S^21 SP. 

a§§, fef^ie BfEfliasjsssxisi aisaas saoii co£i ssep. s 2 - e ist e wsai e- 
^Aioiia &Eaia2!iis§xi2i Hisgfa2i ^aioiis s§ eai& aasoip. 

an. nfeE 6.m ^aa son 210H tigs soi§as(2)s ^ui^ P - g°i eis ^agog oi^oi 

Xlfe -e*£«|.3ie(1)S StllSHl. p§ aEI2£ 8PI g^S OIIS SCH eg(boron)S ois^ej 

SOII 2ISH E^ = (dope)5HAH p^(4)S g^&P. pS(4)fe 2feE ^21 ^gJgO||A12| 
OHHI^^(epitaxial) S§ AIOII g^S^h^g ^216101 £?§§ S8I01E SP. 

ps. BfEaiPie(i)2i ^aoii soi§as(2)oii b§i& uss sashoi, 3 * ous soi ^£is^si^s 
sj2j§i cmp a ss 01 ssi 01 01^21 ^£iet.ni9is ni^iam fe^i ugoii ^ps^si^s xh^i aoi 

Um^Xh S£IS^(3)S iS&CI (E 2). 

ps. etEapieKi)2i ^a #011 ?iioiMgaaK6)s oi^^ ^£ie<ysi^, ^ioi§j!=(7)i oi^fe p 
i§ ^£is si asaQKio)s oi^fe ^ag^aeis ^xi^°s a^sioi ^m^m mgmn. ssai 

4:32HmO|| 2|SH MEA<d& aiXI^MS OfiBS SHAH IJSjSfS 8!! SSI 01. 31101 = 8301(6). 31101 e 

2^(7) Si aiae|(10)S S^&P (E 3). JViOm §aef(6)8 OIIS SOI gCVDgCHI 2J5H S|3IS 4 
£JI>. JIIOIM S^(7)S CVDaOH 2ISH ISi 4 2t°P. 3 XlSStS XISAISI^I ?ISH n§°| g^S(0|| 
S SCH P)S E?56|E SO. E&. ?IIO|M2!g(7)2| ^ ¥0| | wsu MoSix TiS j x TaS j„ goj 3 §g g 

^ ^£|A|OI = afS 9 2j SI 01 E id. ISga^(10)S OIIS SOI CVD3 Oil 2|3H SI^S 4 SIP. 

oioi, u£a?iB(T)tfoii cvo^es <ysi^£ie^s smm afis ois sni!(RiE)aos 01 <ysi^ 

£IBS|S 0|&a(S?Tl4)8i!SiiE3W 3H0|MSg(7)2| *«0|| ^^g^(9)S S SSI 01. n|g$f(2!) 
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S 0IS^2J8101 3H0IM£!^(7)2| of^oj pH(4)0|| n XHy MISFET(Qn)2| £2^ • Eai°J ge?g 

S girS ^EXII S2«(8)g ISl^ (E 4). E&. *S?S2H9)21 g£! SOU X1gE2| g£g «JEx-|| 

S^S g£!812. ^g2H9) 90)1 2gE2| g£g &IEHI ge*g SS6HE SCI. 

010). SJEXIPieH 1)^011 ^IHEHgJ fig CVD3ES &21 ^£IS &fg S^gh 9 Oil « MO) ^ffl- &'£IS 

afg cmpses soi&esmi 3 neoi iea@ s^is^(iia)s ga&a. :wci:>i, ^exipieki) 

21 ^S2| g±S SJExll ge?(8)^2J #2f§22f(11a)0ll 2££l:i:33lIII AlgolOI g^g(12)B 

n=?&a (e 5). 

oio). ^maaoii sish g^ ^d3a)s s*!6i2. ?nci;>i cvdsom °ioH g^@!^(i3c)g a^g> 
a (e 6). 

OIO). S £fg( 12)01 21 2| g^§2^(11a)fef°l g^eja|(13c) S! g ±& 2|( 13a)S OIIS SO) 8!)xl 
^(etch back)gJ01l 21 oH JHI318101 3^g£0( 13b)S ISUa (E 7). 

oio). ifflaa Efe cvdses ^si^diseis 335)01 §e>§a9t(iib)g §£8i2. sm£I£32hei 

3ls §J 8J!S?lsS 0|g3101 JlgoHAH bH£a(15)g gggfCI (E 8). E. OPIAHbr SZJiieBjESAH 

ifflaa cvoses g^a ^£is<^sietg ohaisi2 sieu. sog §a ess*, til § 

CV0 ^dlS^Sfet, ^£IS§2>S|. 321 C14 S2| §S9fg ^geJ- C1gs|0l£1E iD. Esh bH <^ 
§(15)^ 9011 bHtfXHSS OH D 8101 bH£(14)S 81211 81= g2?0H gSSCI. 3£I2, B 4IAIO0 1 Oil 
AHfe g^g£H3(13)g gg£ 9 Oil HH<y#(15)S g£812 S(12)S 3H?ff 9011 

HH<ya(15)S g£!812, 3 9011 g^g£H3(13)S SS6HE SO. 

oio). g*E«pieHi)2i a eon bH<y(i4)2i gaEia^sf(i4b)?f sis mm EiEitesMi4b)g si^na ( 

E 9). S21EIE1s9t(14b)S 01IS SO) CV0S SS ifflEHSOII 2)6H fflailt 4= SID. a»EIEIfeOMl4b) 
2| 9 s 811= ^£|e|o) 81*3 Btf SI ^£121 sitlgJXIS 9\m S§1-= 20IC1. IB, b AIOB 1 

Oil Alt §21EIBIhS OHAISIXie, &g g°| g^aj- SEfe §S21&gSi gOICHE SCI. S. Hi §§°! 
^S£g(14a)2| S» xj^joii gaEia^a|(14b)2| SS§ £fflEH(sputter)3!!§51S 2E ;>1g61C1. 01 
£1 ^HIE) 3!!S0)I °|SH §s1EJElH&1(14b)°| SSOII gSfel g. <^SX1 iS X1I>I812. 

^2Eg(14a)°l §S)S§ ?H<ym 4^ SI CI. ^§1. §S1E1&^e|(14b)2J 9, sg JHjIISIOI S3i 

□ 31011 S §1311 5)2 3 ^SES(14a)g S1381fe: S^OH 3C1. 

0|0). ^SES(14a)3) £|fe 01l« §0) ?£|2| ste^g S2«o)2, 0I31S gxH£IS12 ^SslSHA) , 

bHdS(15)0|| gfsSI}! OHiJS S^at(19)g g^&Ct (E 10). ^£1^21 g^2| iliaai 01 

§tf 4= 9ix\ay. m^m §21 mz\*i n&mm s§a§ oisshe so. e&. sxh£i°i sag 3^ 

a|(19)» ^SSIfe ^£1^1 Seash^ BE §J AI^S gas 8101. Oil* SCH 350 *C - 400*0 . 3^-5 

mm WMm 4= sio. 

010). g^§2a,t-(nb)Afoj o,go| §if£|EI^5|(14b) S! e^S|(19)» »l?18101 bH4!(14)S ^^81^ 
?SES(14a) g! §SI-EIElHQ|(14b)» g^^CI (E 11). § SEJ Eler&M 14b) S S^2f(19)2| I1l>1^ 
CMP ag 0IS& 95 01-0)1 2|5H Sg^CI. HH<y(14)2| g^OII CMPSS 0|g8PI dH^OII dH£!(14)2l H@S S 
^S2ef(11b)2| He Oil blSH glgf 4, h EH21 CI4!(14c)31 g^£l2. Efh S^S2^(11b)°1 SSOIIfe 
CMP2I 201»l SOU 2|SH S2J ^35aXI(11c)31 SSSCh 

010). UH<y(14) SI Se}l£3 9|(11b)^01l g£l5gS*s»s S^ISIOI SS^g(16a)S ggt^CI (E 12). 
^£IS§Sie}2| £J2J0||fe OIIS SOI §£1^01 CVOSS OlSff ^ °IC1. ei^Jllfe ef 100nmg §hO. 

oio). i}D\^m&m niafai soGQfs essi2, t\\qji 400 1; §e°i gxnag §812 gasioi. 3 
seoi sesia s&sis(i6b)a mgma (e 13). sog^esah^ ^^i e& ¥?i soGafs oi§& 4= 

SID. SS. g£IA|£12i3||2| SOGetS Olgol^ SIS ^IgSIO. g£|A|£12!3j|2| S0GS}£| g^Ollfe LHg^ 

g 31X101 , yEaia5!sissxi2i 6iaag 4 sici. 

010). §aoKl6c)S S|5<8)01 SZh§Sa|(16)g SSeo. geaf(16c)fe OIIS SCH CVOSCHI 2|g? ^£| 
a^aefES tt 4 SI CI. SS&K16c)2| He ^ S^geaf(16)2| HSS Se§1S(16b)2) EXHOI 21 

5H s&^oi s^aaoi sia. 3 ^ dH<yg(i7)g issta (e 14). dH<ys(i7)o)ib mm m&2i 

UH<y(14)21 §^8131 9\m S^gE HSSO) S!C1. 

010). bHd(14)2| 2^21- ^01, bHd(18)2| 9fe §11EJ El^a|( 18b)g 11^612. 3)IC13) 

g(18a)31 3fe 3^- OIIS SO) ?£|2| B^Ofg 951812. 01 2 S Sx1£|8101 SgSloHA). bHda(17)0)l 
SfSSHHI OHUa S.^Sf(20)§ gSSICI (E 15). §S1E|E1^QKl8b) » S^e|(20)0ll SI 01 AH feOIS} 
SSfE1E1ga}(i4b) 91 3^a|(19)21 (DlgOII ggg «&f&C1. 

□ IXIQfES, »aaaoKl6)«2| S^af(20) S SSI EIE1^e|d8b)S AI3H812 bH<M(18)g SS810I. 
E 10IIAH EAIff BE«IS2!fflS9MP1 3)2| &^EiC1. 01 S^ar(20) ^ 32}EIEt&QHl8b)SI DI3H0)|fe 
CMPSOI A1g@C1. g ^AlOIIOIIAHfe #2lgaeKl6)2| HS2| g&^OI aiMSOl Si3| BIS Oil. bH&j(18) 
2| mgm floH CMPS S8101E S2>§9a}(l6)2| HSOIIfe 2IE81XI Sg 2S¥31 SXH81XI ffHg 
0)1. 2IE81XI as g^9f(20) lb §2l£JE1feet(18b)2| 5h#g0| ^g3|fe ig StCI. 01 BIS Oil. 0121 
^S &WS0IIAH 3ie81fe HH<y ( 18)2| Ailg ^{£01 &XI92. efEXIIS ^S|SS«2| 4S31 t!5IS 
2| £2i 4= SIP. 

E. S2*§e*K16) HS2| se^OI *JS£I01 8i3| BISOI. 31E& CMP2J EtH 3D1B S81XI SfOlE 
bHd(18)2| g^g Sf^SI SB 4 SI 01. 31E e01S gfXIS- 4 SIC1. 01 BIS Oil UH4S08) HS2| CI^J 
S 2i«l812 3 ^gO)l tiH£2| Alggf ^ II 8101, BJESIS =lfflSSfl2| 4S31 6Jg^g g» 

fe^Aia 4= SIO. 

E§K S ^AIOII 101IAHS S&S1S(16b)SAH SOG&tS OUAISJXie. 71 XII EH S Oil /d SI A|£1g(H n Si(0H) 4 -„) 
21 ^^31 XHS3IB ^0IIAH2| A|£1^2| ygOII 2|SH «S£|fe ^'£IS^S1^ESE S 4 S1C1. 0121 » 
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8 ^'die^SfSlg, 39 B S9PI0II/H 01IS MOi ^&(silane)5^(SiH4)2l- j» 6h»4*4:(HaQ2)2l SIB Oil 2J 
5H Aldl^M g£oKH, 01 S s JI&H^Oil S*L E|BJ» m. 450"C0I6^2| SXH&IS SoFOI § 

S&E^MI 933 4^ SID. 0121 SB Al^feSI S*f, »§0ll 2]oH U ^ fll^B X^|0£^§ D[X\^ 
a3|» SOG^HI SOI 82*88 °H 16) Sa2J S&£8 ^St 4- BO. 

SE8. Aieifegg2| SB^iS/d. a§*:»± SI Oil 4^l(-HPf Oil H 31 (-CH 3 ) . Oil B 31 (-CiHs)SSI 
STBUlkyplB XI8S OD««IB(CIOII||«ia. SBIHIHftie* M) SEfc 0HB4£KD0liaa&. MEIOIIBfeJ 
& §) eHj ttH*IB{SiH«IU(B M B 1~32| S^|3.l. 1 ))B OIIAIB 4* SID. BB3I 

2] 30I6FS 8hfe 2^, XIS£§ SXI& B£»PI» #££2| tftta &(SiH x M 4 -x)2J S^IOI § 

chsesmi Aiafea^ bssi ^^m- ag;i>:i jix^ehoiiah gsef^ ^i^j e^i^i nacpi 
oid. 

(8AI0II 2) 

E 16 B g agSI OB AlAIOIiej B*SEflia2|ffl£S»2| gjOtlB EAI8 aesoiD. 

B ^ A! Oil 22] BJEHISSiSSgXIte 6JAI0II 1 0il AH BJE»as|fflSSfl2| #^1^^(16)S 

*aaaBK2i)s aee ass. 3 2121 ¥*h^ aiaioii ia aa. oa/d a8 ¥xhou cub m 

SB «BfBO. 

SaaaoK21)S aAlOII 1011 AH 2j ^^Je(16a)2f as ^MUg(21a) a CVDSOil 2J8H EJ^EJCH CMPS 
Oil 2I6H aaS^aot(21b)S OI¥Oi£!D. «£Ug(21a)£r MAI Oil 121 »£tJ8d6a)2t SOI 

2fc 100nmo| Qf = a|g PhXIfe ^Eie^a^Q^ OI^CHSD. M £1 S6f»QM21b)fe 3 XhX-ll^h 8SB S>£= 

MB ^xife 5ioni an ^ oil aAioii 121 szhaaaui6):ni- soi saa*d6c)fe: g^acn sui sa. nan 

U, ^£l^sf^(21b)2j Q^fllB gMI SfOI. ±JA|0|| ia SOI i^^(16c)0i! #S8hte I3 D 4I g£d 
fgg S|^3H|2J 82*83^(21)8 g£!8h01E §Cf. 

oioi, ^oiti- ttsaaaifflsaMsi his&bs Eaou n>y ^sa^a. e 17 - £ 20 g, e ^shj 

DB ^A|0j|o] B*£flias|ffl£afl2l HI2&S2I *JA|0||S 3 g§ £E£ EAIff BaEOID. 

b «aioii 22i ^Eaiasiassasi i^sag, maioii 1 oiiah2j e n ss^xi^ sbisid. 

3 m, ^AIOII 121 H£US(16a)2J- SOI aasasWS S^iahOI H^US(21a)S BSBQ. IHID^ 
S^el Qf¥MB 3hX|^ ^ai^>i^^(22)S 011S MOi CVDSOII 2|oH (£ 17). Ot^l/H, CVDS 

Oil 2I6H MSB MZ\^&s}^(22)£z. XPI^iSi ^Hlfe S|OI OHIHg 3 S^Oii^ Cl^(14c) ^ ± 
33E«(11c)0|AI 5iei»fc Sg^(23)0| §^£|Oi HO. 

Old, ^ai^^lf^(22)M CMPSOil 2JSH HD^D (£ 18). 01 CHI Q}£L AiaS^»QK22)2| S^Oil 
& fiS^(23)M ^^A|^ ^£ie^a^(21b)S §^6h3, 3 S20I g&m #^^2^(21)^ 
D. SE, B ^A|0|| 221 Xil£^SOilAHi= CMPSM 0|g6PI OH^OII Sg^(23)M ^AIIJ ^ HiUf CHM 
CH , BJEflPIBd) 3^1 Oil AH g^^g 4> SID. 

oioi, aAioii 1 m- soi. «aaaeM2i)oii bH<ysd7)m §^^3 (e 19), aAioii 1a aoi ^^eid 

fcOKiab) S ^2£§(18a)^ 01^01X1^ S^QU20m IS§1Q (E 20). 

□U|9|o^ f #ZMae|(21)^2| ^^°l(20) g ^a&IDs^(18b)M XHI^H af04 bH<y(18)S S^6h3. E 
16 CHI AH EAie &E*iaa|SI£9XP} >12i ^SCf. 01 g^oK20) U a»EIEHBQK18b)2| Xii >1 Oil ^ 
MA| Oil 1 SOI CMP^OI AheBD. S ^AlOIIOilAH^ «aaaOK21)2| SS2I S&^OI ^MSOI SIE 
2£, HH<y (18)2| §£S ?|oH CMPS ^oHE S^Sa^(21)2| fi^Oil 2|E5|-XI S^S ^^^(20) £^ 
gaEIDfe^(18b)2| e#gOI ^31^ ^01 giD. 01 ffH^OII, 0121 SS Sh^gOIIAH Jl£!8fe bH>d(18) 

2j A§sgsi »aoi sxieih, ^Exiis^sissxi2i <ysi^2i Est ^ sad. 

e, s^aaof(2i) sa2j ge^oi ^msioi 2122^, seb cmp2j 2tn ^ofa smxi s^3E 
uh£!(18)2j m&m muo\ mm ^ sin as ao^s sxik ^ sid. oi oisoii. oh^(is) sa2j ci« 

§ 21^|5h3 3 ^eOil HH^2j Alllfi ^XiafOI ^EXlia^U^^X|2| ^ii 6i^J^M 

tt 4^ HO. 

(MAI Oil 3) 

e 21 s s »S2i e de aAi oil a BhEaiasifflsawa aoiia eai» eaEoiD. 

« a ai oil 32i »Eaasifflss«fe ^ESPiedoD^oii sas nxHy misfekqii) ai rxhhmisfekqp) 

m Dl&Q. &Eai^»a nxH^MISFET(Qn) U p£H ^MlSFET(Qp)^ CMISFET(Compl imentary-MISFET)S 

ofcm y-Exiissisisg =?&m ^ H3, ejEflia^asoiife . eai^xi^ sa2u ( x-is, ^@iah §°j 

^§^IH S»a 4 SID. EB, » ^AiOllOilAH^ CMISFETS 0||A|6f3 SIEU, nxHy MISFET(Qn) E^ 
pxHyMISFET(Qp)2| BgJxHya MISFET^ eiEXIIS^sl^M ^P^SHE iO. IHICPK B ^ A| Oil Oil AH ^ 
MISFETM 0IIA|6^3 212U, b|-0| M^H (b ipol ar ) e&}Xl^E-i E^ B i -CM I SFET H C\B ^&X\±E\ ^^2J 
^E^ll ^XfM OlgshOj ^ExIIS^Ill^M ^^5HE #D. 

ysflpiedoDoii^ 3 ^a asoii ^x^e.is^do2)^^ g^Ei3, ±xi ^e.is^d02)^ ge.HM^a m 

^S^Oife, pg M^^(0||S M01 a*(B))0l IHfeE^ E£j£ pg ^(103) » n§ M^M(01IM mo\ 
a(P), UI^(As))^ XifeEM EEJS nS ^(104)^h g^EJCH SID. nXH sMISFET(Qn)^ pg a (103)21 
S^S^ ^eOfl, P XliyMISFET(Qp)fe ng ^(104)21 ^FaOII g^EIOi SID. ±1} 

Mais^d02)^ ^ESPiedoDsi ^a2j <gs m moii g^Ei3, oils §oi ^di^^ifei^^ O i^oi 

BO. Eeh. ^EaPI&dODM MAI Oil 1CMI/H HBB SB SOPIBSS oHE SB 2B M^OID. 
nxH^MlSFET(Qn)B pg S(103)2| ^a^Oil 7IIOIMaa4(105)B OH^H^ oH AH ^I0IM2^(106) 
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j». ^101^2^(106)21 8**2] B*£»PIEK101)2| ^3 Oil §£S n§2| BES g ^ ( 107)S 2*XIS= 20| 
CK EE, pxHyMISFET(Qn)B nil U(104)2J ^ 2 ^ Oil AH >||0| e § a a>( 105) M OHJH^ SHAH ^lOI^ 
3^(106)111, 3101^2^(106) ^SExiPieKlOl) Oil g£S pij2] ^£xilg «( 108)1 ^Xl^ 

201 CK 

3I0I^^^°|(105)^ 4^ nmSj D\X\^ *i £ S oi¥CHXI01 , CHI « MCH ^^SfS £i=r 

^cvo^oii 2ioH m#m 4= ao. :hioim2^oo6)s oiis mch xh ci ^di^ qjo^ oi^chxi 

01, H &S0|| g±@j(W). 3gm(Co) §2| ^djAfOI^S. ^ gif£IEIs(TiN). !s}g^£U(WN) §£| 
OHE-ICH OII&(barrier raetaDS OIUH^ e g^Hl(W), g£IHS!(Mo). ElEm(Ti). SS(Ta) S2| 
§ SgShOI XI Xmmm E2ot)£ §Cf. 

»EHISSJ(107) t (108)S nxHy MISFET(Qn) , pxH MISFET(Qp)2| ±± • SEiia S^^^AH 3lfe8lfe 20| 
D. BESiasK 107)011^ n 1 ^£M(0tlM MOi a £^ dl^pl- £2J£]22. ( 108)011 p § 

8 = B(0IIB MOi Se)OI &£J£JOI aO. e>EfllgSi(107), (108)S. M£^OI XHfe£S E°»£J xi^se 
&ExHS9j3K M^mOl &!£xilg<*o^ OI^CHXIfe ±9\ L0O(Lightly Doped 

DrairO^SS. 6HE 1Q. SE. ^£«lge* (107) . (108)21 £^0il WSi x . MoSi x . TiSi x . TaSi x ^2| H§g = 
^ a£IAK)|=ota a£IAK)IEfl*S 1J£6H£ SO. 

3I0|M2^(106)2J S! &aOII*= ^§21(109) S ^12^(110)01 i*£J£jOi aCL 

^§21(109) §y iSSa^(110)8, OIIS MOi aaS#»Bf £hr aasa»sjo S if 4> an. ^£1^ 
SS^S 0|g6hb S^Oil^ Zl ^dl^^sf^o^ Ol^OiXI^ *«S^(109) ^ I3§3Q|(110)M 0*±3 
£AH 0IS8H1, ^ofe SZma^Oil XPI §&2jo^ S^SI 4* aCL 

BJSEa^lBdOD. naia MISFET(Qn) S pxHy MISFET(Gp)2J &^0||£r 82*aB0M 111)01 §££|Oi at}. 
#Z>^2^(111)^Ai , BPSG ^ 5E*= PSG Of go| £ia£?°t8 Olgl^ 4> a^U. 82^3^(111)21 6f 
¥ SE^ ^^Oil CVO S 5£fe ^HiEi^Oil 2| 6H ^£IE^Sm^2| ^ 4= §^ 

1^S|(111)B OilM MOi CMPSOil 2]6H 3 HSOI S&lf£JCH 91Q . 

y £fl |S^(107), (108) ^2J ge^2^(111)0ll^ S^S(112)Ph ^xlSH, S^S(112)0llb. oiib m 
CH ^E-iEHSOil 2|oH g^£! §^aie|(113a) t ^ Otl S MOi CVDS CVO^Oil 2J6H 

§^©!Q[(113b)S OI^CHXIfe §£13(113)01 g^SOi 9JLQ. 

aaaaoKin)g ^aoii^ m 1 # uh^(mdoi g^aoi »i 1 e oh <^ (mi )oii ^ mm mo\ 
ai^neum pi^s nHEiy q oig^ 4^ lit 1 e dH2(M0^ MdHH(ii3)e dh^h^ sh 

Ai ^£XHS«(107), (108) Oil S^l^jo^ S^^Cf. SEff. XII 1 e «H2(M1)0il XH^M 0|g6^| 

IDIgOiL XII 1 # bH<y(M1)M ?Sofb ^1^21 «i-£xiPieo^2j m& SlU. d5J^I2| ySE 
fllS^SISSxIS 4- 9iQ. 

xii 1 s uH<y(MD si saaeaKiiDsi ^aoii^. xn 1 m oh^(mi)^ ^^m^ xii 2 m dH<y(M2)2f2i 

^26f^ bH^SZ}aa^(114)^ i!££iCH 9iO . UHa«aaaa[(1 14)^. OIIS MOi CVDS^^ 

^sie^a^M cmp soil 216H aon-^^Mi, 3 saoi e&msioi ^g^a. 

bH^a^aa^(114)0||^ S^5(115)0l g^£J3, §^S(115)0il^, OtlS mO\ ^DHEI^OII 2JoH 
§^£!QJ(116a) f S OIIS MOi CVDS <^©i CVDSOII 2|6H §^&i^(116b)^ OI^CHXI 

M2H3(116)0| g££jOi SE&, g^SI^(116b)M CH^oHAH ^DHEHS SE^ CVD 

a»EiE^a*m oigir 4^ ^a. 

bHdS2}aae|(114)^0llfe, XII 2 § bH<y(M2)B SSSPI ¥l» bH<^ 12^(117)01 §^£|Oi 2i 

D. bH<!fl 12^(117)^, OIIS MOi CVD^o^ Idie^lf^o^ m 4, 9E§h, HH<y 

§£g 12^(117) S20||fe ^B^XIOll 2|^ SOI §^£JU. £A|6f^ 2^ »a*sm . 0I2S. 

^soffe blhSf ^01, HI 2 # bH<y(M2)2J g^ A| 1^5^01X1^ CMPSOil 2|& <&U\0\\ ?JLO\M. «H2 S^S 

12^1(117) S22J S^°|0| ^^61 Hl>i£|£^ CH^ §£2| SBi 20^M ?| 5H 52§, 

cmp2| ao^ioii 218H som. 

bH£ aaflKH7)0llfe. UH£!S(118)0I S^SI2. bHfl»(118)0llfe. HI 2 8 bH<y(M2)Pf S^SCH 

aa. xii 2 s uh<^ (M2)fe oils mo\ mm e\e}^(t\h)9.^ oi^oixi^ 0He.ioiS(H9a)2f oiis mo\ ? 

£l(Cu)^ 0l¥OiXI^ 4^£e(119b)^ 0l¥Oi^Cf . 0|2I ^01 ^S£g(119b)B XHSSOI ?£l B 

2i xh^s oigapi ohsoii, xii 2 s dH£(M2)2j J3»as xiatt 4^ an. besi ^x^ ag bh^xis 
»si 4- aa. 

SE§[, bH£JCH§(119a)£^/dfe aSFEIBfeS Q]<M6H e*(Ta). gSF§^e!(WN). a»&»(TaN). a»B 

e(TaO). ^aa ^ai^(siON)e oig^ 4^ ao. ^a£8(n9b)oii^ ^e-is ch6!sh 

S¥0lfe(A1). g^SI(W)e 0|g& ^ HO. bHaiOie(119a)^, ^2£S(119b)S ?^8^ §!^2| 

bH<y ass i^si *H»« f ycaiasifflsaasi s <ysj^e ^» ^xis^ 

SE, XII 2 8 bH<y(M2)^, ^*o^ tifSI ^01 CMPSS OlgS^Ot 20|Xia, bH£ S^g 

aaat(ii7)«-?a8ffc xhs(oiim MOi aaia^sw)a 92s bH<^(M2)s ^aahb xh^(oiim mo\ 
^eli » as Eias)a2i cMPgoii 21& aof^£2i ^oioii/h pia»B. n a a 011 rae a^rsi 2s 
¥(p^i ¥)d2o)oi assioi aa. a 2 s bH<y (m2)m ^^6i agspi ^ishah oi^sE2i 
aohg a& spoils, ^2.1^^51^2} bims^oi ^digoi ge.i aohsioi, ^cn^o^ set m 

0I2I- fi^¥(120)2J ^XH2f , OI^OilAI ^lashfe ^Xilg^ bl-Sf BQ. 

bHd gs§ aa^(ii7) as xii 2 s bH^(M2)2i aaoiib. «Ha«aaaoKi2i)oi s^soi ao. bH<y 
•ztaaBr(i2i)8. a 2 e dH<y(M2) g bH<y sag aaoKimoi sstoi ss«8d2ia). a 
&a «d2ib) u aaoKi2ic)s ^aaa. 
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*^U8(121a)£r. 0\\m MCH M2J±0> CVDSOil 2]6H ^dlSgS^o^ 4, 2iH . HI 2 § HH 

fi!(M2)2| ^a£S(119b)B ^£|2| e^§ ^ HI 6^ }f£]C*. 01 CHI dfdf gal El Em 2 

S 0l¥0IXI£r HHdlOI8(119a)2j :?£|o| gj^s «^I6H2 dH£8#§ S «K 1 14) , dHdtj^g 

^^s|(117), dHdS2i§asf(121) §2| MX! 6KX . ^£SIS*J£IS§xlS] fe^ 40> 

SICK SE§h M^S8(121a)2l Q|¥7Hlfe ttEISfiStQtS 0lg& 3^0ilfe ^ 100 nm^ g 4* oiq cc 
HSU8(121a)^AH*r ^BlSHSOfg Qtdo\0\ fe'SJE ^HS^M 0|g& 4=£ 21Q. 

8&»e(i2ib)te xhjiss^s ^fxib met oum mo\ sog^s oi^oixim, ss¥O20)si ggjg xhi 

>1oK)j 3 R&m B&SS 4 s 0121 aoi S&sf 8(121b)B ^S^^AU dH£8Z>l£^(121) S 

2*21 s^^s ^ si^w. *ft8t^ dF2[ aoi dH^s^§aot(i2i)oii m&m mz\n se^ &s 
bH<y m& mow s^si sum gjxisna &sdH£ ysi ^§§ifi axiom, ejEsiasiffls 

§X|2| ^§2J ^£6fO*, 4*g]» £!£iss gr&ra ^ 

ge*f8(121b)£r ¥?l SOG^^S S 4- SAP. ^ofi= g^sf8(121b)^2J S^SPH^ 

SS01IAH 5£ailXl^e(photo resist)^2| s^| MOW S&sf8(121b)£2| g4>S(9?i*1£) ^01 SEi= § 
&sfS(121b)2] »4B»Xl 32, &E»a3|fflSS»2| <M£|gg 4* 91Q. 6hB. g 

&S8(121b)£r »3| S0G°^o^£ & 4, 01 Cf. . S^g2J JH^SSOilAH #31 ^3&»8 °12U, 

S0GQJ2I XI 01 §6^01 dHd2}2| fiiy ggg X12J6m, E>£H HS*ffl£afl2| 2 

^sfs esskm n g^m ^ 9x0. 

iast(121c)fe OIIS MCH CVD^Oil 2JSH 6iaSfc>»at££ sv 4, dHd 82*8 3 s>( 121 )2| 

Qi^mm tas^ ^i^m ^ao. op-si-ah , g&§f8(i2ib)oii hioh dH<y8z>ia^(i2i)2i ^ 
mm m&m ^ ?i$= s^oii^ g^^oixi^ sjck 

SEK. dH£!8Z^ 2^(121)0^ ^£^8(121a)2j- B &SfS(121b)2f2| A^OIOil CVOSOil 2| oH m&Q 
dH<ySZf§a^(121)0||fe S^S(122)^h l^g^, S^g(122)0ilfe ^0|§[ 11(116)2} 

sao(i23)oi §^£ioi ^a. se, uiia*aae!OKi2i) * aai3(i23)6KHifc bH^i^g 12 

OK1 17) U XII 2 a HH£(M2)2f §Bfi dH<y H£g aBQKl24) SI fll 3 8 dH<y(M3)PF g^£JCH »Ck 
MaH3(123), dH^gag aaoj(124) SI HI 3 S bHd(M3)0il SiCHAH^ S£I3(116), dH<^§^g 

HHOK1 17) qj hi 2 S dH^l(M2)2f e^sPI QH^OII &M\& ^^^D. ^. XII 3 # dH<^(M3)g 

XII 2 m «H^(M2)2f ^01 dHdlCHSJU ^dl^ 0l¥O1Xlfe ?2£§2§ ?^Ba. 

SE. XII 3 m dH<y(M3)°l SPiOllb XII 2 S UH<^ (M2)£|- am^(125)^F i*££J01 2101U, UHtiS^S 

a^(126)g ^P^Sfe S&^^(126b)^f ^XHs^H^, dH^ee_^2^(126)2| 228 125) Oil AH D\ 

9J5fe fi^OI 6H^£JH, ^SOil S^SIfe ^8 dH<y2J g£ A| ^^°|2| S 

XI 6H2 dd^evsi AMMifg &XISK)!. ^£X||S^SISSx|2| m&o\H, 61 

S^lf ^ 2iCI. S&lfS(126b)^ ^Oleh Sem#(121b)I^ ^0| XPI^e^g ^hXI^ E|Q| Oil 

m mo\ sog^o^ oi^cH^ia. se, m&m&m&^i^m =?&$i$= n sisi §, ^ «^u#(i26a) ^ 

aaat(126c)0ll 2^ CH AH £ ( HS«S(121a) » aaoKl21c)» ii§[Cf. ©eiAl 0IS°J 

«afBQ. SE». «^H#(126a)2f S&£f#( 126b)2f£| AFOIOII CVOSOII 2|SH ^dlS^Sf 

sts aae ^ ai^ 51^, dH^S2faa^(i2i)si 3^2} ^a. 

dH^SZh^9i^(126)0il^ S^g(127)0l S^g(127)0||^ &J\m MZ\ 3( 1 16)j» §2H 

3(128)01 g^siai ho. se. uHtia&ae<v(i2B) * sa3(i2B)«oyfc bH<y 

■ HOK117) 91 XII 2 8 dH<^(M2)2f SBI& HH^g^g flem(129) SI XII 4 & dH#(M4)0l g^SCH °1 
CF. 4, XII 4 S dH^(M4)fe 12S dH^(M2)2f STOI dHdlOISHf ^dl^ Ol^OiXj^ ^2£§2S 
BO. B. dH£S£lg §2^(129)^ °t^M^ XII 4 8 dH£(M4)2J Q,^ Jill SI ^8 dH^ i^g 
aae|(117) SI XII 2 8 dH<y(M2)2] B^ll £101 »o. 

SE. XII 4 8 dH<y(M4)2| H^Oil^ XII 2 8 dH<y(M2)2f ^8 fiS^(130)0| S ^ a OH 2i2U, dHd8^1 
2^(131)M ^^8^ B&^8(131b)^h gXH8f°^, dH <£ W&M 2 st( 131 )S| fi^8, fi#^(130)OIIAH 

^leisffe q^oi oH^goi , «an ^8 ^suHaa is ai s^^si & = = gs « a 

xiom ^8dH<y^2j Aiigi &xi& ^ aa. oi^mh, ^sxiis^sissxisi ^§hj siasi 
n. ^e^i ^a^s er^s- 4- hp. g&§*803ib)*= §&^8d2ib)2f ^oi x^i^e^M 

XI HI WIS MCH S0GQ|o^ OI^CH^ia. SE, dH<ySZ!^2^(131)M D. 2J2] 8 = 

SI8(131a) S! aem(131c)0|| 2iO|A|£ #D\® M^^J8(121a) SI a^^(121c)2f §^6FCK Cf 2UH , 
OlSSJ-^Alie SSc «BTB&. SE&. dHdS2>a0^(131)2| ^JHfUII<d8aaH0Kl2l)fiQE ¥ 
£ICH HQ. SE, ^^S8(131a)2f 8(131b)2f2J Al-Oi CHI CVDSOII 2I6H Aiaa^aaf 

S CH ISf 4- Hfe 518. dH^8^aaaK121)£| S^2f §ism. 

dHa82ia83^(131)0||fe S^g(132)^l- Iggu, 3 ^§( 132)011^ &OI& S £0(116)31 ^01 g^HI 
OI^CHXI^ 833(133)01 §^£101 SilO. &, §aH3(133)21 XI m a *Olfc. 

BHfl8^aaBKi3i)2i *i^MJ\ acn 2i^o^ MdH3(H6)2j n^isa axi soi ao. 

se, HHtisztaemdsD si aan(i33)^aib m 5 s bH<y (M5)^h g^sicn ao. i5§ hh^(m5)^ 
oiis mo\ s^ois ^8 a^oife t,^o^ oi^chxioi , s^ai^nsHEi }|^ ^ sss ^i^g oigs^oi 

012} SOI ^¥Dls ^8 i^Dls S3£§ OI^CHXI^ XII 5 8 dH<^(M5)2f, OI^CH^l ^S£8 

^^!S|^ XII 4 8 dH<y(M4)2fS. OI¥OI£! W?JO\ §1 DH^H^ 8K» 2^1^^^ 

^^mi g^oitea ^api- ygshoi xh&oi gcHoh^ %x\m ^ 

XII 5 8 dH<y(M5)fe ^^^(134)^ SOI 9iQ. aa&t(134)b HIS MOi CVD^o^ AI£IStfttQt 

se^ aaeaasi numsi mm^^ m ^ ziq. piq ssi ch s&g 
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4* sick 

l^Qf(134)2| gJ^OHfe 3H : ?31 Ol 3H?¥«| g£JS g5 SHI = ^(8LM:Bump Lower 

Metal)(135)S 0H3HM 6101 gH(136)2l HI 5 S bHd(M5)31 33ISJ2S S^£1CH SICK g5 81XI 
3^(135)*=. OfIS SCH LIU = 2| 3Safo S & 4- 9JLQ . E. SH(136)S 3 Efe SkHsolder )(OI 

si 'gyoia bd)ss s 4- sick sei. si 5 s bH<y(M5)°i xiissAifc ?ei» Aigt 4>e sie 

U. ^fOIsi AlggESMI gH SHI 3^(135) » §5(136)2121 i&Si gjfl |j 4= SICK 

SE. gH(i36)oiiAH3i oma, a 5 § uh£(M5)oiiah 210101 ss§2i dues §^si^ a?. 
scie aats7i wets at?oi& §3°? eg dhes asias g&s 4= sxi. se. xhi 

5 S bH£(M5)21 IIS #S2| dHtfgOIIAHS. bH£!212| HI x| g HH£! SS HI 2 ~ HI 4 S bH£(M2 - M4) 
SCI 0|#S13|| 4= S12HS. ^£ISC1E 61 » g2| sajf 3S ^¥Dls gSUHtiS 

etssMi 6!as§ srgir 4= 21a. ea. hi 2 ~ hi 4 m m&m - m)m siouHfe. □ bna as. bn<y 
m xi s 812 n^£s was an it 4- sigiu saioii. »^di&sd uiaai xngoi *is =a« 

?9E°425 0ISS2SAM dHtfXIgg *3l»OI fflSSI §^£1 g&g 4- SID. 

E&. HI 1 S bH61(M1)^EH HI 5 S UHfi!(M5)3rXI2| Sf^WISi «f. ■311(116). (123). (128). (133)21 

xie » ^oie oiiAisie oisisi ia. oiis mo\. hi 1 s hh£!(mi)2| n^mtz 0.2 - 0.3^. si^^s 

0. AmS. g 4= Ha, HI 2 9 bH61(M2) » HI 3 S bHd(M3)2| ni^Mte o.5#". 3 0.5^>. HI 
4 S bHtf(M4)2| a|¥Wfe lA»n. 1/«S ft 4= SICK EE, OIIS SOI g £13(116). (123). (128) 
21 XISS 0.5m, 3 kOlfe S 4- S13. M £13(133)21 X|gS 1/m. 3 feOIS 2//m£ S 4= Si 
CK 

oioi. yEEaia^assxiai his^ss esi ma aeetcK se 22 - e 54t. s aiaioi 3°i 

eiEXflS2iSI£§x|2| HIS gjgj°| gJOIIfi 3 S§ $2g E+EEOICK 

gjXH. OIIS gO), p-g &gg ^£I52£ OI^CHXIfe BrEfllPIB(101)S SUISKH. ±X1 SBI §2?(102) 
31 gg£IS S^dl 3H?S 31X|fe SSaiXI^MSfg OH ay 81 04. eiEHI3|E1( 101)011 SIS §§ gg£1 

a. oioi. ssaixi^eofg m^si3, &31 as mm oHnsife saie^iaeig ^ehpiek 101)21 a 

SOII S|5j813. 01 ^Eie^HBi-g CMPSOII °1SH aoi&cf. OISAH g>g s 0121 S^°| 

eiExiPiet 101)^2) feoi fe'ai^i^si^s xnx sioi m moii ^xfg£is«(io2)g aaeci. 

OICH. pg 11(103)01 g^Elfe S ^ CHI W=?m KlXIfer SSaiXl^eofg nHQyS13. 01 SSaiXl^sof 
m D^35 8HAH. pg°| 8^1 ¥l& g^g. OIIS gCH 2Si OIS ^SJ&D. 6,01 S£ai 

xi^Mets Hi^g!- ^. ng a(io4)^ ggsifer s ^ cm :h^b ^ixife ssaixi^Mafg may 81 01. 01 
ssaixi^emg oi^as §hah . n g2i asgss 8i3i ?i& g^g. oiis mo\ 21 s ois ^ejgici. 

3IIC131, fe^l SSSII Jl^eofg jn^gh s e.lEffl3l»{101)OII §xH5.IB ^8101 40| i^il SSS181 

01. pg a(103) 31 ng S(104)S g^SICI (E 22). 

OICH. B1EX1PIEK 101)21 ^21 61011 3H0IM a S!ai( 105)31 Sfe ^£1^61 si at, 31101 MS =}( 106)01 Elfe 
C1S§ 41 BIS 01 SJ IS §2521(1 10) 01 Elfe ^£IS^Sia|§ ££1 SI ^! 3101 g^813. 5§£li 

31SHHI 0)1 2|SH Mays SSaiXl^eeiS OI^BS §101 2J#ei§ 51! S 813. 31101 e § 01 o|( 105) 

3HO|ea=K 10 6) Si tg§^af( 110 )g gg&CI (E 23). 3II0IE S21oi(105)fe OIIS SCH gCVOSOII 2| 
oH g^S 4= fla, 3IIOIMa^(106)S CVDSOII 2|§H g^& 4= S12U. 3 XHgSlg X1H813I 9|8fl ng 
g^g(OIIB SOI P)S E^SoHE SCI. SE». 3||0|SS = (106)2| WSi,. MoSi x . TiSi«. TaSi, m 

21 2§§ =^ ^£|A10|E e|S »S5HE S3, gsl &£1^(TiN), SSI g^g!(WN) §2| HH£|01 §1 
0H3HS §^@!(W). S£|^@i(Mo). QBfe(Ti), &g(Ta) S2| 3^Si g^ SHE SCI. aaaoi(110)S 

oiis soi cvoaoii 2ioH smm 4- SICK 

010). nxHy MISFET(Qn)0| iSSfe S^OH 3H^» 31X1^ SSaiXI^MSIS IIHEiy813, 01 SSaiXI^ 
^ai21 aS25Q1(no)S D^3S 8HAH ng°| 2SEg g^g. OIIS SO) 2J8 OIS ^a810|. SUE HI y 
^(107)S 3H0|ea = ( 10 6)CHI MoH X13I g^SIO. 6131 SEaiXl^egj-s ^ pWy 

MISFET(Qp)31 g^Elfe S ^ 0)1 3H^?S 31X1 SSaiXl^eafS HH Ely 813, 01 S£aiXI±eei31 ai 
23ei(iio)g 0[i3£ SHAH p g2| SSEg g^g. OIIS SCH aSS OIS ^2J81CH. S1EHIS^(108)S 
3||O|Ma = (106)0ll aim X13I §l^2£ g«&C1. 311 CI 31. 61E £11 31 EH 101)410)1 CVOSSS i1S1^£IS 
&1S S|S|& ^. y§S OIS 5!!i!(RIE)SES 01 ttsi ^£IS e|S 01 gf^ SUSgESMI 
3H0|ea = ( 10 6)o| swqh s«g2>d09)B g^&CI (E 24). EE SI , 3HC131. SSaiXl^eo}. 
a§25Q1(110) a ^^521(109)g D1^3^ SHAH eiEfll3«(107) Efe &1EHIS^( 108)0)1 3 SEgOfl 
SS>fe g^gg 3feE£ OIS ^gJSIOI, ±W LDD^52) g$g g}EHIS^S ggSHE SCI. 

E. 01 B 3|| 0)1 AH. S1E HIS?* (107). (108)2) SSOII g^@! SEfe 5g§2| ^£IA10|EQfS g^SIOI 21 
EHIS2?(107). (108)21 AI^XHg S! S£H3(113)312| S^XHgS XHilSIE^ SHE SCI. 

010). e!EHI3IEKl01)A}0tl ^H)9a SEfe CVOSES 61S1^£ISS1S S^1813. #21^2^1(111)8 
ilCI . #211^91(111)2) SSS CMPSS 0ISS1 2501011 2|SH S&allt 4= SICK 3HC131 
eiEH(3IB( 101)2| ^FS2| &1EHIS^(107). (108)6}2| 8218201(111)011 5S£li:3a)EI 3|g SJ oyg 
3|gS 0IS8101 S^S(112)g 3H?eiC1 (E 25). 

010). ^DHSaOH 21 SH §^§yBt(113a)S £1^1813. 3HC131 gg?J! CVDaOH 2|6H l^ijaf ( 113b)S 
S1C1 (E 26). 

010). §^§(112) 012)21 S21§25ai(111)412| l^@iei(113b) g! g>ig!Q1di3a)S CMPSOH 2|g1 2301 
Oil 2|6H HI318101, S£)3(113)S gS&CI (E 27). 01 OH , S£H3(113)2| HSOIIfe i21ISe|(IH)gi 
^£IS^51Q|j!i §^e!Q1(113b) 9J § ±@!S1(1 13a) 31 2| CMP2012I ^ExIOHAH 3I2JS1 
2S¥(P-fe!¥)(140)0| g^QCI. ESI. CMPSOII CH<y8101 SJlxl *H g§ OlgoHE SCI. 
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oH IIHEHy ShCM Ji\ 1 S UH£i(M1)S gSBP (E 28). EB, B S3 Oil AH eg¥(140)2J gg§ 

g^^imoj S ^oi| £ taofU, OI Q^¥(140)0ilAH DI2lo^ g^E!l°J2J Q§2| gXH^r HI 1 m 

hhgkmooi m ay oil 9\m M££\d\ m^ow e sse g>xi &$rP. hi i § bh«(mi)oi 

£8^(140)011 D\°imo\ S^ofe SB SiP. 

010] r ^IHEia E^r CVO S2§ ^dl^ °|g 3^6^01 HH^#Z>13^(1 14)g ggBP SEB w 

PIAifcr .^IHEHa Efe CVDSOilAi AiaS6h»stg 0I|A|8H1 2AEU, SOG ^2| ESaj, ^P|Q| 

m±m cvo ^as^ao*. ^aisgsf^. 32] ^4*§2i i£°jg 2«eB pestoiaiE gp 
e. «Htfs^aaBt(n4)si 238 cMPaoii °J6H aowoi bd, oi» aoi s&s*&esmi a 
mchi ^safb a^3(ii5)si A121 s£ai±3aiiii9 9Bi»x mm 4^ s^ch. gtEnaaisssrxi 
si 3 3 3 3 011 o\mo\J\D\ goioH aa. 

0101, 5SdJ^3^H| D\£ ^ Plsg 0\golO\ M 1 g bHd(M1)2J SSOil BSJfe S^3(115)S 

n=?sa (e 29). 

OlOi, S^§(115)2| LH¥M £&ofb bH^S2}l^ei(114)2j HBOII. ^IHEISOil 2J6H g^H!^(116a) 

> sai»a. J\\cm mm%± cvogoii 2ioH 9£§BQt(H6b)9 s^bp (£ 30). 

Old. 94*9(115) 0|2|2| HtiS^9em(114)^SI 8^eiat(116b) Si a^e<V(116a)9 CMPSOil 216H 

aot9°£Mi 933016)9 aaeo (e 31). 01 oh. 933(116)21 520111= wtisztga 

s|( 114)2! aaa^ao^a B^@!B|(116b) % S±HOKl16a)2| CMP3DF2I ^ExK)ilAH 
S»¥(141)0| |^9C|. EB. CMPS Pi<^ CHI SBS s« g§ OlgoHE gp. 

OlOj , M 2 m dH£(M2)9 CMPgjE^ SS6PI «B bHd§£!g S£SMl17)g SJ3BP (E 32). dH£l 
U£g 1^^1(117)8 OtlS MCH CVOS SEfe ^EjEiSOil 2J6H £1 ^<^s|9JE^ U 4= °<3. 3 

Sf^THIfe XII 2 S bH£!(M2)2| °J^fll21 0.5 /*n 5E^ 32SCIE ^Z! §j£BP. bHdli^g 123 

QK 117)21 H£Oil£r fig¥(141)0IIAi 3l2!6ffe 2i¥^ I^Sa. 

0|0i, fll 2 S UH<!f! (M2)P|^ tjg£li=r S^Oil DH^M ^Ulfe SSdilXl^em- 8aWl OI S££llXI>iM 
Bie D^3S 6HAH dH£j!3§ 9em(117)9 SBSSKM. bH^g^g 9 2^(117)011 tiH£S(118)B m& 
(£ 33). OI B^IOIIAH «5|» 2i¥( 141 > Oil AH ^1216^ bH<yg^g 93^(117)21 S0£j 

2i"b X-HXSI3. 3 ^2i SSOII S»g Dlxlfe gi£ SE, bH^g(118)2i i]^^(W1)Hf 

5|CH^(W2)2f2j M0I2J |^£ju, 5|C|j^(W2)^ 5l4t^(W1)2| 4bH OimOICF. 

OICH, dH<ym(118)2] LH¥S S«8lb bH<y§^g 9B0K117)2| S3 Oil bH El CH 8( 1 19a)Jh 99EI 
EJfeQK 142)9 S3&a (£ 34). SSEI EHsSlK 142)^ Oil 9 MOj CVDg ^EjEiSOII 2J6H m*itt 

4= ao. a»aa&oK 142)21 ^^mt= ?a^2i asrss^ ^ ?&2i *^axi9 ?ioH 

^OlCf . SEg[, §lfEJEf^°IM CH^oH §2] g^QJ- EE^ MOICHE §Q. SE . XPI S§ 

2! ^£|Q*2| 5|2 0il §SfEIEIfe^( 142)21 SSI ^E-iEi 811 xl 3fe >15E D\^mO. 0121 ^ EH 

Ei 311 X| CHI 2I6H ilsfEIEm&M 142)2] R&0\\ S^eI- mxi mm M^\o[0\ , ^?£|Q|2| §S[^§ 

nam ^ aio. 

010], ^2£S(119b)^^ g^. OIIS MOi ^PE.121 Sl^m3. 0I31M ^xHdlo^3 ^gsfSfOI 

bH<yg(n8)oii ghiis ^bisi (143)9 ii^q (e 35). ^di&i-(i43)2] mgs\ ±we\ 

si oiss ^ 2i£U. g2i ^ai^ :>i^ oigoHE ma. se, mm 

d\±^ o\m& cvos mow s\m m^m sshe mo. s^£i2i ^di^d43)oi gg^stb ^e 

ffi Al^g ^fi^ 6^3 t OIIS mO\ 3501C - 400"C , 3^ - OIIAI^ 4* 9JLQ. iS, ^£1^(143)^ 

E^ E^ ^26H E32| E^^M OlgmOl l^t 4^E ^Lf. 

E , S&E|EmaKl42) 9E : ?ei^(143)2| Q^^WIfe UH^m(118)0| ^^^(W1)2i Oil AH a,^«|(H1)0| 
3, bH£S(118)0| Sa^(W2)2J Oil AH st¥M(H2)0ID. OI (EH, BtJ?2HI(H1) » Q|^3HI(H2)^ ^2J ^ 
3, -)\\Z}D\ UHti9(118)2| SOKLDMQE BJi 3 CH 9JLQ . ^, ?£|BK143)S UHtiS(118)OI 
5i^^(W1)2! SI 5J0i^(W2)2i S^2| ^^OilAH bH^S(118)S ^26| QHUm3 2lO. OI Oil d>£K 

>2« bH£(M2)^ bH<ya(118)2| B0LU2j >|2j S«0|| §££|0), 928 dH<^(M2)21 X-iSg Has 

Old . bH<yi^g 90BK117)«2| 01M2J ?anKl43) S 9»EIB&ok 142)9 W^SJOI. XH1 2 S 
bH^(M2)S ^P^ohfe ^SE§(119b) U «Hd|CH S(119a)S Haecf (E 36). ^£1^(143) K SSfEIEI 
s 9t(142)2| fll^Ollfe CMPSOil 2| B SDhM OISSO. SI 2 i bH<y(M2)2J §^Oil CMP ^ Oil 2|ff <£Q\m 
OlgSPI WmOU, X-il 2 # bH<y(M2)2| S^Oil^ bH<yg^g 1^^(117)2| SSHf HI35HAH 99B ^Eli 
21 P^'(120)0| i^^a. E 362i ^SiH^o^ g &! ¥^2| ^QIEB E 370IIAH EAI&O. E 37 
Oil AH EAIol-^OI, bH<H§Sg 13^(117)21 HSOife CMP 2] gOffll gOil 2|6H SB #21 ^3^x1(145) 

E, Ulti8(118)OI &£«(W1)e! S^2J P«(120)¥*2| a«S(K1)a SICH^(W2)21 S^2J a 61 (120) 
¥^2i a«»"(K2)2Jfc ^2| §g£g £10] o,q. 

OICH, XII 2 S bH£(M2) S bH<y^^S §2^(117)^011 ^£|^§SfQ|M Sl^SFOi ^^U#(121a)M § 

a&a (e 38). ^aiesas[2i Mj^oii^ one eoi ge^Di cvdss oige ^ sia. °i^^ii^ ^ 

100nm^ §Q. A|£|S9ftBf2| ^i=fflPf 3c CVOSOII 2|B ^£|^^sf°^ B»2| GI^^OI flOlU 

PI 101 SOil. OI-BJIOIIAI HS?JS(121a)2| S^^. E 3901IAH EAIo^OI, P fi| (120) g ^B^X|(145) 
Oil AH }|2imfe Q.MOI SMffP. EB, E 39^ E 382J i§iH^o^ gdHMh21 ¥^2J ^CHEM EAIB 
P. 

oioi, i}j\^mgm Phxife ttisiei sogsis esshi, >ii 4oo'c §E2i gaaia mmo\ s^m3 

S&SfS(121b)S SSBP (E 40). SOG^E^AH ^^l Efe ^P|2| SOG^S 01S& ^ E, 
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Aiaf^^i^j sogqib oi§mfe 2E 3* is am. ssiAiaasia sog^sj s^oii^ m^gg kemi 

S*!fflSSflS| <M§J£s 4, 2^01. £ 418 £ 402J ^SiH^o^ i^Mfoj £ 

AlBCh £ 41 Oil AH EAIo^OI, g B» S( 121b)£ AH X^l^g^g ^Jlfc SOG^g 0IS8PI MS Oil. 3 
328 g&SISICH, a«(120) » ^B5Sxl( 145)21 St>*8 bHSIEP. 

oich, aaot(i2ic)> a^moi uHfl«aae!a[(i2i)« &ana (e 42). aeaMi2ic)fe 011 a mch 

CVOSCHI 2|B £l£ISBSSt££ sv 4, ojP. g£°Ml21c)2| 52 » HHfiBZJBaoM 121)a S 
&£fe(121b)2j ^ SI Oil 2|6H S&gOl ^S£JCH 0| Oil d>£f, H ^2J § g Oil AH §££1^ 

11(123) m 2E£ ^XH2| B£ Af (Ml P£J(120) SEb ± 3 §e fl ( 145)011 AH 312161^ S£S BUgOl 
a&£IXI dtH t &DI bH££i SI 3 m bH£(M3)2| ^££01 ?|S2Cf. E, dHd! §2112 ot( 121 )2| S20I 
S&*}£|0| SPI MS Oil, 5Sdl£3£HII|2| Qt&m §f^6H>, Exll S 3 Sl£g£|2| 01 All 2} Oil CHgSlfe 
201 ^feSH 5!Cf. 

oioi, s^sd22)^^ §^£1^ a^oii jh^s ^xife ssaixi^^^(i46)s ma asm. oi ssaxi^ 
M^i(i46)e o^as stoi aaoKi2ic) a g&m#d2ibm sissbp (e 43). 01 sss aioii^. ae.i 
gBsafsi oyg ^eeji- ^aisaaojoii bioH aji eje^ yi^m tsmoi , ^e-ie^n^^^ oi^oixi^ 

HSSS(121a)e 8!!§J2] ^SEi^o^ 0|g» ^ SAP. 

OICH . SJ1S2] £2ig ^£ie§Sfa[°J 3t!§ ^E^ fciaSB»OK>ll HI6H 3311 Elfe £2°^ BS8HJ. 
M£&S(121a)B CH SilSShOI 3^§(122)2| §£g SSBQ (E 44). 0|2f »0l. §^g(122)2| 3!£J 
§ 2B3I£ BBSS*. H£aB(121a)2| 3t!S Al SS6I 88KME H£SS(121a)2J 

API- »3I (THSOil SI 2 m UH£(M2PI- j»E8MI SilSS^ §|g SQ. OI^AM, S^g(122)2| JH^M Sfr 
£81 S»j» SAIOII. SI 2 S bH£!(M2)£2J EloHM a^B2S ^ h 4- £IP. 

E, S£eiiXl^eoh( 14 6)oj xil ^ Af CHI ^ m& tt± E£r £^0HI 2|B 0^ (ashi ng) £ 01 OlSflU. B& 
»S(121b)2| ^3| SOGM OlSSfe S^CHI^, OI OI-^J AJ CHI §^§(122) ^2¥^2| B 121b)2| 
B2CHI 2{X||g- ^ KCf. ^, ^&sfe(121b)0il ^^l SOGS O|gof2. 2g 0^ A|0|| 

SOG LH2I Si-CH 3 §S0|, Si-OH E^ Si-0 2^£JCH 3 ¥^2| S^^ E^ °I4=^0| 

»q. oi ga, BhEaa^ass«2i <msj^ n»a xh oh^h oii^£Jch o^^a^i am. tndun . 

SOGS XHSohfe 3¥0||fe S£3I XI ^SBK 146)21 % e ( we t )H£A||^:0I| 2|§f «|d| U. H S 6.^ H 
^Ail^M 0|§& 018 2J!S(RlE)e. 0^3f dlHoH ^^ol-XI Sf8 ^^AII^S 01 W2.Dt ^ 

zia. nam. s&if#(i2ib)oii ¥^i sogm oigs^ g^oii^, 01^8 ^^^^8 s^o^i s^^q. 

Ee[, Cf§ 5§2J MBH 3(123) l^SSOl S^^l^l ^ISOII Oil* MOI M?UI0ilAH 35013, 5^ § 

E2| Oiy (anneal : J Hi a^)§ BSKM. S^S(122) H^^2| SI 2 # dH<M(M2)2| S2 0j| ^SxHdlS 
^ ^IQ^K S^S(122)2J HF^V^2| ^ ffl EH SilSM Btt 2iCf. OI CHI 0>£f, S^aiXI 

^M3|(146)2| SPi A| 0^ SEfe CH^I g?|3|^2| ^xl CHI 2J3H ^ZJ g^S(122) b^^2| <^SI ^d|g 
SI>i5hOi SI 2 # bH<y(M2)2f MaH3(123)HF2| SJI^ S^2| S^XHS2| X-i^- SE^ ^5J^2| 

a set 4^ aa. 

OICH, MBH3(116)2| gS^S2f eSS^I 6H AH MdO(123)^ g^&CI- (E 45). 0| 

SdHZl(123)2J §^ Al CHI CMPSOI 0|g£J^ 5^8 &J\m CH^ OIU, bH<^ S^a S st( 121 )2| S^OI g& 
SfSCH 21^1 aH^OHl, SE^ &HS0I dH^Sef§a^(121)2| S^Oil &^8fe ^8 2iD. OI [EH ^ Oil, 
S2H3(123)Zf2| §y UHfi!»aaaoKl21)6K)ll SI 3 m UH«(M3)2I2| ^^^01 tMao. 

seb. aan(i23)2i seoiife cmp^oii 21 » ei 01-011 ^1 eishoi sa^(i47)oi g^^a. 

Old. HHfiSZhae!0t(121) 9i MdHH(123)2| ^BOIIb SI 3 S BH^(M3)^ g^Sf^l 9IB dH<ifll^g 
aaflKl24)^ g^BCf (E 46). UH£!ii£g BaBt(124)b bH^g^g aaBKl17)a §B8|}|| »« 

a^s 4^ sia. e, bH<y§^g aa^(i24)2i ssoii^ fi#^(i47)oiiAH eiahfe ai^^ 

OICH, SI 2 S bH<y(M2)2| S¥2f ^^6^1 6K)1 bHe.lCHS3f ^£|Q|o^ OI^CHXI^ SI 3 § «H 

£(M3m iSeCI (E 47). 01 SI 3 a tiH<y(M3)2| §^ Al. SS^(147)0IIAH ^I2"6h^ bH^g^g B 
a OK 124) Ha2| 2§¥b 3310IIAH PiaSf^ S£S 5&II BfltSfXI &^Cf. 0I28. SI 2 8 
bH^j(M2)2| 3^2f SSJ6HM, SI 3 S dH^(M3)M S^SPI ^8 S2| Al CHI 21?^ 

3!iS30| SI^SI^ S CHI AH Pia«CJ. flEB. SI 3 S HH£(M3)2| S^Oil^ CMP^ aOK)||A| ^laShfe Q.m 
¥(125)^F S^^Cf. 

oich . uH<y§£g aast(i24) » si 3 m bH<y(M3)2i aaoy. si 3 m bH^(M3)2t si 4 m m&(m)& 
m aasib uH«isz»aaat(i2B)a ?s§ib s^usd26a) u s&^^d26b)s a a bp. (e 48), 

^SUS(126a) S S&lf#(126b)2| i^g ^SUS(121a) gy g &a g( 121b)2f e^S^I ^ °[ 

a. §&s*s02ibm saso^Mi am¥(i25)2i ggg siihshi n ssi ses^i g ^ aia. 

oich , HH^#ehsa^{i26)e ^safe aasi(i26c)s u^s^oi bHasaaaaKi26)2i gse 
a. uH«saaaoKi26)2i sa8 seasd2ib)2i ^xkoii 216H s^^sch sip. mppk 
aa3(ii6)3i- moi sand28)e aaso (e 49). 01 M2H3d28)2i §^ ai chi cmpsoi oi 

esi^ 5S8 bhsf ^2u, BH«aaaaoKi26)2i aaoi s&sitioi <&d\ oaisoii, se^si b 
^soi bH^se}aas, v (i26)2i saoii B^a^ ^01 aa. 01 hh^chi , M&i3(i28)^2j s dH<y 

• aaaoKl26)4*0B iSgfe SI 4 S UN<Sl(M4)ZfS| §2£0| ^M^a. EB, SaH3(128)2| H^Oll^ 

cmp a oil 21B a □ i- oil ah Piastoi ss¥d49)^h iaau, 01^ aafoi ai ssohiah se^ b^soi 

ttB^IXI 318 SI 3 S bH^2J S^2I- §3510. 

oioi, bHfl«aaaoKi26) « aaiD(i28)2i ^aoiife, si 4 s bH<y(M4)e sss^i net bH^sae 
a a bk 129)^ i^^o. bH<yi^g aae[(i29)2i a«8. bH^aae aa^dizja gus^i bb 

4^ 2I2U, SI 4 m bH^(M4)2| ^MD\ ^XH^ISCHI CD- El , bH^g^g aa^(117)SQE ^S^ll, Oil « 
MO! 1/mioj ovc^i £fe 351SPE ^ i^SP. 3 m. SI 2 ^ bHd(M2) Et= SI 

3 s uh^(m3)2| s^2f san^ii bH<ysm a asm a»Ei&feot(iso) ^ ?ast(isi)a h^bp (e 
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50). S»EIB&OM150) » ?aaKl51)S HI 2 8 bH£(M2) HI 3 8 bH£(M3)2] 3^2} SB8}3I 

OICH, §Js*EI Eme|( 150) SI ^1^(151)8 CMPgOII 2| 6H 30^3, dH£H£!g 1 3^1 (129)21 

01^2] a»EIEfteBKl50) X ?aQKl51)S SCHBD. 0IMM1, XII 4 5 bH£(M4)e 8S»a (£ 51). 

SES. HI 4 8 bH£l(M4)2] H30ili= CMP22I 3 DIOIIAH }l3 8*fe QS¥(130)O| g g S D . 

OICH , tiH£±§£g §3^(129) II BI4 8 bH£±(M4)21 S301I. HI 4 S bH£!(M4)2F HI 5 8 bH£HM5)B 
i^Sfb UH^g^ga^(131)e ?S8hb »£B8(131a) U SB21S(131b)B S«&a (£ 52). 
aS(131a) » S&sl8(131b)21 ggg ^§Ui(121a) ^ BB»8(121b)» bssmi bb 4^ ao. 
BBaB(131b)B g^K2£M S§¥(130)2j ggf HIX6H2, Ol S2i BB8MI » ^ 2JQ. 

OICH. UHti«aaem(131)B ^BShfc 8BQt(131c)B SJ38K)| bH£ SZfB 2 ^( 131 )2| IS! SSfiJ 

a. HHaaaaaaKi3i)2i sag ae»s(i3ib)^ ^xhs^h^ g^mtioi aa. jicpk aao(ii6) 
a sssmi skh sa-i3d33)s aaso (£ 53). 

OICH . bH£!8^l3^(131)&0ll, dig MCH BVOIfeQtB S3 Oil Ol g^OlsQJB EHE^SKX 

hi 5 8 m&(m)m msmo (£ 54). s^oi^Qtsi s^wife, ^iheib. cvog . s*ra §i oisv 

^ SICK 

OICH, 01IS MOj BaBtfBBfB S136t01 ias|(134)M 3 ~ HI 5 8 bH£H! HHE4f¥ m 

a^d34)oii m^m iaea. ihicpk aaoii lib a* * gsm ^ m eh s , cvds, g*rs §§ oiga^ 
oi si^sm. oi2i hi ui^ at gots a^»« b5»xis*(i35)b isea. 3 m. s 

M(gold ball)2| 3AK««). SSJ2I £J*j ^ M ay Oil 2|SH SH(136)M S«3K)| £ 2 1 0il AH EA| 

SES. 8HBKl34)te BaS&SW a £iaea»sj£l £E= PIQRM EH 20ia£ SLk 

SE. SH(t36)^ BfeW2l §J EH Ely Oil 2|B gy§Oia£ iQ. 

b baioii 321 &E»iasifflssa a 3 his^soii sicjb. &h>ib t^s- aoi, sa3023). (128). 

(133)01 fj^Slfe UHflSaaaeKl21). (126). (131)011 g&sf8(121b). (126b). (131b)^ m&&0\ 9A 
21 CMS Oil, §£13(123). (128). (133)S CMPBHS 83B A|0|| 2££ S#*SOI &S8JXI SJ3, MEH 
3(123). (128). (133 ) 91 2* BH3 &TS0II SSEIfe: HI 3 - HI 5 8 bH£±(M3 - M5)2| H3£0| 

oi. ycxiiasifflssflsi 4:§2i D\^m ^xim3. 3 <^gj^nf ^m°\ m&m Est ^ saq. 

SE&. B tiAIOII 3011 AHfe 8&SFS(121b). (126b). (131b)SAi SOQ^m OI|AI«SU. 5iai6fEHgOIIA|S| 
A|df^(H n SI(0H) 4 - n )2] Ag^a JHg^ie^0IIA12j AieifeHJ «h^Oil 2]5H ^ ai^^SI^IH^ ^ ^£ 

ho. oiae 4iaa^»of2i a^sraoii aioH/dfe aiaioii ioiiah aa&ais oich.oi^iah^ ^ 

(aAlOII 4) 

£ 55fe B ttBSI 5E LIE ftlAIOie! tt£aa^«SB«2l ^ Oil S EAIB &3£0ia. 

b ^aioii 42i eisHia^assxife ^aioii 321 ahE^is^n^sxisf bHd^^g aasf(ii7). (124). 

(129)21 ^£011 aiOIAHei «0|B 20IQ. CD 21 AH , 32j2| ^P^^HiOII Uff 88*BD. 

B a AIM 42| dH<y§^g BH0K117), (124), (129) Wife BBaB(117a). (124a). (129a)^F SSSI2. 
BBa»(117a). (124a). (129a)2j 2|2t2| ^8 Oil 83^(1176). (124b), (129b)» BW bH^S 

S§ BB0K117). (124), (129)B *W ?SSO. 0|» aoi. bH^S^g 8^4(117). (124). (129)011 
BB»S(117a). (124a). (129a)^^ *W £B9?I OH SOU. bH<y§^g BH0K117). (124). (129)2J § 

s ^ seoi 3 oimou sa3(n6), (123). (127)21 cmpsoii 21^ mow ^zj qi^s ei 
6H s^oi aaa^ ^01 aa. 01 smi, bH<y§^g §3^(117), (124). (129)21 ^^oii bH^ms a 

&m MOW SSd|^32HEIM #^ll S& ^ 213. SlSfllS 3£IM§X|2| 3S^sfOil CHgS ^ 2*1 

D. 

BBaS(117a). (124a). (129a)fe ^A|0|| 30IIAH2] S&Sf8(121b). (126b). (131b)» e^6fCH X\J\^ 
SOG^IH^ 0|ip01£!Ch SOG^IB ^^1 SOG^I SE^ 5>D\ SOG^^^ OI^CH^CK SOG°i^ ^ 
21 SOGSJ SEfe ^^1 S0G^2J Oi^^OI^ f2U, ^^1 S0G2J §^0j|^ *JA|0|| 3 01 1 AH ^§§1 ^131 
flJ, ^ bH<y§^g BBBK117). (124), (129)011 bH^SM iSt A I Oil A^g6^ S^aiXI>iM^2| XHI 
>IS§0)| Oh^e 01 §21 3^a£ SOGStOII Zl^g SEb 4^^0I ^^1^ ^01 giEI. 'S^. ^>l SOG^^ 

oiee s^oii^ xi^^soiiai bH<yei- g^m n^n- ^ msi^h 2m. se. s&sf8(n7a), 

(124a), (129a)^ SOG^§ CH6!oK)| ^l3ffl^EHgOII/rf2| A|E^2| ^^Hf 73SPIB6K)II AH2] AldF^2| «ie 
Oil 2J6H gg£lb ^ai^^lf^o^ m oip. 

S39t(117b), (124b). (129b)^ OjIM MCH CVDS SE^ ^ Hi EH S CHI 2J6H ^£l^6h§f^o^ ^ ^ 

2^3. bHd^^g §301(117). (124). (129)2| QI^JHIS D\^M Dt&Q . 

OICH. B aA|0|| 42J BiESia^aSSXISI Hli^^m £ 56 - £ 64 M OlgShOI BBBQ. £ 56 - £ 
64^ ^A|Oi| 42] eh£Eflia2S!fflSSx|2| HI5&S2I ^OilM 3 5S^2^ £AIB B3£0ia. 

B aAlOII 421 HISSES BAIOII 32J £ 31WM2I e^6fQ. I&a/H . 37»X|2| S § CHI CHB B 

BAIOil 32] £ 310IIA1 £A|5f^0l bH <!d 82fB 3 BM 1 14) Oil §£H3(116)M BBBO. Ol fiaH(116)2l H 
3011^ £ 310n/d £A| 6^01 fiS¥(141)0l iSSCf. 

0101, BHflBaBBQKlM) ^ §33(116)^011 S&af8(117a)B 1^^3, Ba^(117b)B ll?Ba. 
OI^Mi g&ae(117a) a ^3e|(117b)^ ^P^£lfe bH<^§^§ §3^(117)01 i^Sa (£ 56). 
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Sf#(117a)^ ^IgfSI J\X\±: SOG^OIQ. 0|2f |tOI XPISggg SOG^M ggoPI ttH^Oil 

S^ag(117a)2J HaOlifer fiS¥(141)2J ggfOI UEIUXI SJ3 3 53g S&sfSa. £ . 
Sa&Ml17b)fe OIIS HCH CVO^Ojl 2ie ^dlS^astH^ g 4- 812U. S&aS(117a)3|- SJH6PI ttH 
SO)! 3 S&SfSOl 5SICK 

o\o\, aHdi^g sa^(H7)^oii ai 2 s wifl(M2p* 1^9^ s^oii jh^s pui^ ssaixi^sj 
m miEiysui, oi ssaixi^^ofg D^as mo\ w&m&g aa^(ii7)g sassm. dH£g(n8)8 

SS&a (E 57). OI HHd8(118)2| g£A|01lb bHdg^g §3^(117)21 3aOI g^2l£JCH 
2121 dig Oil 5£d(^32Hni S§0| 2§i£§ tymOj a 4* M2H3(116)2J g^OII tiH^OI § 

S9XI Sc S^dfE 3 &^2| dH£li£g 13^(117)21 HSOil tiH^M SS8F3I «» ^^°IOI 
6fb SOI giCh OI^MI ei£x||S^SIS§x|2J Ajgi^s gjAfg ^ oiq 

oi w. aAioi 3sj m 2 m bHd(M2)2j jjisaaa sastJi n 2 s bH£(M2)g a asm (e 58). e« 
ftiAion 3s\ ssswi «Hfl»aae!OKi2i) a; M^3023m aaeo (e 59). e. «an{i23) 
21 saoiib am¥(i47)oi issa. 

0101, UH£!«2H!HSH121) gJ M EH 3 ( 123)^011 S@»S(124a)« l^°i(124b)M U^e!CK 

OISW bHtfggg «aaKl24)^ (E 60). @&sfe(124a)^ S &slS( 1 17a)2f gSISMI X^l 

Si^l 3Hlte SOG^OICM, §a9|(124b)fe aHQKH7b)» e^BMI OIIS HCH CVD^ Oil 2|& *J£IS6> 
»S|QS » 4= 21 Ck HHtfSgS aHOK124)te «BS»(t24aPI- ^XH6PI CCH S Oil fig¥(147)2j 9» 
8 Wl^ir 4= 21201 3 S&fif^a. 

OICH , fll 2 8 bHd(M2)2| SU813I bHdg£g » 0^(124) Ml bH£tg §&6f3. 01 dH^# LH 

Oil XII 3 8 HHd(M3)M (E 61). IHICPK ^ At Oil 321 3^2f SSSWI UHtffia»ast( 126) §J 

«£l3(128)g (E 62). 

OICH . HBflaa»aaKl26) §1 »20(128)4M>II g&sfe(129a)g 1^812, D\\QJ[ §a^(129b)g SJ 
SIBO. OlSMi, bHtfij^g §! a OK 129)^ iSSQ (E 63). §e^S(129a)^ S&»8( 117a)2l- 

smi xpissaa Jfxi^ sog^oih, aaaK.i29b)te aao*(ii7b)2i- e^s^i one mo\ cvdsoii 21 » 
aas«sw2£ ^ 4, bH£U£ig aa^029)i= a&s*e(i29a)3i- ^xhspj oh son ^,01 2f m 

0101, III 2 # bH^(M2) E^ XII 3 g bH<^(M3)2j 3^2f ^^5^1 bH-^g^g ^3^1(129)011 bHd«§ 
01 bH^m Uf Oil X-il 4 S UHti(M4)> S^&P- (E 64). 3 ^2j g§8 ^AIOII 32f ii6fH 

s «ai«i 42i ffisaa^assfl a n JHi^^aoii 21 , bH£g£g aaeMim. (124). (129)011 

m&stm(U7a), (124a), (129a)^h SlTSiH^. bH^S^g ^3^(117), (124), (129)21 531 g&sl 

^ 4- S££i^3euni2i ^hs§^E« era-v 4* 21a. s. ^#011 i^s §yn ^chi qs^i 

PUIH SlOiE, 01 Qfim^OilAH ^I2ia^ bH^§^g2j SE^^2J ^^6^X1 ^0^ e}Ex1IS^Sl 

ss»2i &m&m m&m ^ zjlq. 

(tf AIOII 5) 

E 65^ g &S2| E DM ^AlOlia BJESIS 2»fflSSMS| ^OIIS EAIff E+aEOIQ-. 

s ^ ai oil 52j ^Exua^si^sxi^ bH<ygae aaei(n7), ( 12 4), (129)011^ s&sfs(n7a). 

(124a), (129a)^F SE V £IH S&ag(117a), (124a), (129a)2] 2|2f2| ^goil a0QKH7b). 
(124b), (129b)a S-H bH^l^^g 83^(117). (124). (129)g ?S6m. bH <!d § 2 ^ v ( 121 ) . 

(126) , (13Doii^ seasoi ssan «sa«(i2ia). (126a), (131a) si aaof(i2ic). (126c). 
d3ic)s uHa»aaaQKi2i). (126). (131)* 2010. 

oi9 yEflia^assxioii 2i6^a , ^aioii 4chi ah ssfs 4> ^e. 3(123) , 

(127) , (133) AJ2J CMPaO^S 01E §E 5IE8MI S&^^Mi 2E^ ^#§2J 01 §E 
sjfll »tte 33E PteslD. 

(tf AIM 6) 

E 66^ B &S2| E Df^ ^AlOjia &E»lfi|2|fflSSW2| ^A|0j|M EA|» BaEOIO. 

s ai oil 62i ghsaaai2i£3xib 3 jbi 1 m m&(m)m cmpso^ 5013. e m 1 
uHti(Mi)i» ai 2 a bH<y(M2) ei2j bH<aayaa^(H4)oii s&sf#(n4a)g qge 3fom. 3 212J ^ 
^8 ^aioii 3Hf e^ofoi a^r&a. 

s&a#(H4a)^ x^^i^^^s 3»hxi ^ s§aaa^oi3 ojis mo\ sog^o^ m ^ am. sog^8 ^ 

J\ f OiE ^0|^ #3, ES SOG^im □<^mOi 7 1 XII 4T EH S Oil AH2| A|d^ ^^Hf »S 3IB««l/H2| 

A|dfM2| ygOjl 2j6H ftl£IS^ao*os v ^e BO, UH^S2f§a^(114)fe S^a#(114a) 

2f ^a^dub)^ ^^aoi, aaoi(ii4b)fe oils mch cvoa e^ ^hh eh ^ chi 210H ^ai^^a 

0|o S g 4, 2i3, bHdS^§as|(114)2| °|^3)j|M 5§6lb ^IkM ^C|. 

oioi, » 4iAi on 62j ^Eaiasifflsswfii a£»aa e 67 - e 7^m oigahoi gaea. e 67 - e 

718 ^ A| OH 621 »E»ias|ffl£aMS| fl|3E^a2| aoiia 3 £A) ^ e^eoid. 

S aAlOU 62| XUSgrS& ^A|0)| 32] E 27D\X\9\ S§J1| S8I8H3. CO^AH. 333WXI2J S§Oj| CH& 

^A| Oil 32J E 27011 AI EAI& Sat3(113)2| m& * 91 1 S bH£(M1)M 8«8PI 9IK bH£!£g a 

aoi(n4c)s sm»a (e 67). bH#§£!g ia^(n4c)^ one mo\ cvoaoii °\m msm ^ m 
ai^^sm^^ m ^ e, bH<y^^e aaef(H4c)2i saoii^ es¥(i40)oiiAH d\°i^o\ qi^ 
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oioi, xii 1 m uh^(mi)oi tigsife s^chi JH?m ^3cifc fisaiii^MQfs May am oi sseiixi^ 

^ejg Df^BI 6hCM HH£§£g l^e|(114c)M SESffO (£ 68). 

OlOj, &SEXIPIB(101)2| SB (HI a^B!Oj(152)« (£E 69). OI g^gnaM 152)8 CMPSOil 2J3H 

aOFSCK g^glQ|(152)°J aO**r bH£l!£!g 83^(1 14c)2| SaOl kil' OH X>h XI 8BQ, OI^Mi dH 
^1S§ Ha OK 114c) Ha2j 0IS2I l^@!Q|(152)S HI^SKM HI 1 S bHd(M1)M 83 201 (£ 70). 
SE», HI 1 S bH£(M1)2J Haoil^r HI 1 S bH£(M1)§ ?S6h^ g^aia bH£i!£!§ aaa«114c)B 
^SSfe aaiS6h»nr:i»2| CMP2] SO^SOII ^l ej QS¥(CI£i)(153)OI issd. 

oich ,bH<y§^g aaoKii4c) simifi raatuD^oii s&stedHam aaeo. s^sfgdna)^ 
oils mo\ sog^ss m 4* 910. seb, sog^ s:>i , «j oi^ 201^ 12, £ sog^s chuskm d\ 

fll^EHS0ll/H2| ^£f^5J glga- XH£ 3ie«OI|/H£| A|£f^2J 6*8011 2J 8H ^£IS6!2l^2§ 
m ^£ SJCfe 3g 4*31 » dl2f BO. 012* 301. Best8(114a)B SS&HSMI HI 1 § UHti(M1) 
Ha2j fig¥(153)S a^6fOj S&sf^(114a)2| 521 8 381711 » 4> 711 CHH. aaot(114b)8 

s^sfoi uHtf*aa0QKii4)si asao (s 71). aeoMii4b)te oil a moi cvdsoii 210H s 
4^ 212, aas#»at2£ a 4= sia. uHasaaaoKiujg sae s&sfSduajsi ^xhchi 

2J6H S &6h3il a 4- OISAM 3 ^2| g§ ^Sl BaO(116)2| gSSSOil 9JiO\M QS¥(153)CHI 

m 2£&2i sw§§ aasht soi ao. oi^Mi asaisaifflsaasi g±sw rns. 

era n timgii 4fi aga ^ a a. 

01 a »8a0|| 2J6H go*01£! iSI gJSS) *JA|0j|0i| ^IsSKM ?fl|2j2£ gg5ia2U, S 

e 4PI gAioiioiia asste 2ioi omn, zi axis sasm s^oiiah oia ^xi ss^soFcj . 

OIIS M0|, ^2£S0I ?£ia MIAIShasU g^^l ^^OIhSI 3^2*£ iCf. 

9E, HH^S2>§asf0ll H^USM 8XIB Oil Oil CH5H ^S6IS2U, 01 fl H^O|Xli= &2 g 

xiahxi aroF£ §cf, 

SEB, aA|«| 3. 4. 6011 A) , UHtiSZ^a HSJ( 121 ) , (126). (131)01 «SaS(121a). (126a). (131a)2f S 
e»S(121b). (126b). (131b)2f aa^(121c). (126c), (131c)2fHJ 3#^^2I S^M «|A|8Hi Sl^U. 
M^U^(121a), (126a), (131a)2f S&sfe(121b). (126b). (131b)2f°J MO\0\\ £ 720I1AH £A|6^ W 
aat(121d), (126d). (131d)^ §^£J0I£ aanKl21d). (126d). (131d)fe 01 ■ mo\ CVDSOII S| 

9E, ^SUS(121a). (126a). (131a)^ g^b O^UCf. 0| S^, HI 2 - HI 4 S bH ^ (M2 - M4)2J 

mow ^§1 jixi^ one mch g^EiE>^(Tin)^e SI36HQ, oi m &m 

DHH mm 0IS8H1 CMP a Oil HI6H BDhSKM UH£ij£l§ 12^(117), (124). (129)^21 &J\ si El Em 

Hi^rn^ eoii 2i6H ^^xi^ niQig hi 2 - hi 4 s m&m - M4)si ^^21 ^ 

^oii is& 4 210. 

SE, ^ A| Oil 3 - 62j HI 2 g bHtf (M2). HI 3 S bH<y(M3). HI 4 # bH<y(M4)M tiAIOII 1. 2^1 UH£(18) 
1H ^0| SiaDWS2S 4 2iCf. OIIS MO], £ 74^ aAlOII 321 HI 2, HI 3. HI 4 e 

HH£(M2). (M3). (M4)0II ^^QO^^i S|S& OIIS EAIBCK EE. £ 75^ «A|0II 4SI HI 2. HI 3. HI 
4 S 0H<y (M2). (M3), (M4)0il ^^ClO^gM ^gel OIIS £A|§!0. £ ( £ 76^ ^AJOll 52| HI 2. HI 
3, HI 4 S 0H^(M2), (M3), (114)011 ^^EfO^ai S|«B OIIS EAI&P-. EE. £ 77 g £ 72011 /d £AI 

k »E3aaaaiasa«2i hi 2, hi 3. hi 4 a «H<y(M2). (M3). (M4)oii ^gao^ai aise 011 a £ 

AIBO. 

EE, HI 1 - HI 5 8 bH£!(M1 - M5)^X|2J bH£0il SSSXI HI 6, HI 7 8 3 #83 bH^M g^S 

4£ 



e oil ah ^haib e. cna^a ^oii ^oixi^ s^s ^bbi ^sa^ 016^21 ^ck 

(1) CMP a Oil 2|6H gaetOII bH<yS £^ S^SUiOil OH ^ 81- 01 2£^¥Hi(0HM mO\ bH 

a. 85i3)tf2i aaetsi ass^t a^a ^ ao. 

(2) cmp g oil 210H aaeioii a^a-Mitia se^ s^s lhchi oh ^ aj-oi ^£^^xh 421 hi 2 2 

£S ^XH2| A§i^I D 4i 4* 2iH. ^£x^lS 5jll^Sxl£| ^ <Mgj^^ - 2iEf . 

1 

^£«Pie2| ^30)1 g^S ^£Xll^Xh2f , &OI ^£SI4iXF2| &^Oil S^SjH H g¥OII 21 

¥0ii a o^i oissKM las 2£^¥in^i- xH?-i yois hi 1 aaa*j» ( ^^i hi 1 aa^2i ^aoii 
n ^^oii sa^oii aofae oiswoi s£^¥Hi^ xh?-i aoi^ HI 2 §aef 

8 3>fe U£HSa|fl£9X|0nAi. 

^^i hi 2 aa^oiife xf^i^e^^ ^fxi^ ^eaaa^oi s&s^ zim ^£his^sj 
ssa. 

2 
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S?» 1011 SICHAH. 

43| SS^lSefg 431 HI 2 §£E>i°l 5Sf SgSfSfE^ ^ggb J§ agog Sf i= ^EHiasj 

assa. 

3 

S^S 2011 SiCHAH. 

431 HI 2 §3^21 2§¥b bH£S§ ^S6H2. 431 HI 2 1°?^°| SEg^fe 431 bHd^OII g£! 

S HHds ?S8I2, 431 £?S4§ 23^21 fef^OII 431 bH#§OI 1)43 = J| a§2g 81fe BE SIS 

sisissxi. 

4 

2011 sichah, 

43| HI 2 2I?b bHdga S^Sl ¥4812. 431 HI 2 19S*o| £j E ^ = xH fe mj\ HHdj 

SOU §SB bHdlli 431 S^gCHI S£OS ^4812. 431 S§Siaa;g 431 bHdS SJ-CM1 

U43fe 2i a § og § hfe BEHia^sissxi. 

5 

2011 SiCHAH, 

431 HI 2 §asf2J fii¥b bH^Sa S^gf ?So|2, 431 HI 2 §as|£l 2E4 i ?XHfe 431 bH£J 

mow m&<& bH<ya 431 s^goii ggg sains ?4sm. 431 s§s§a^g 431 m^m vow 

t!49S= HI 1 SSSiaafjll 43| bHtfSSI 8^ (HI SSEIfe HI 2 SSSiSafl 3fXlt= 51 s g o 
S Shfe BE*HaajfflS§xl. 

6 

S^tf 1011 SiCHAH . 

431 HI 2 g^etSJ 2i?fe 431 HI 2 g3^°l S3 Egf0|| g£S bH^SUI 431 HHdfiSI 81¥CHI 
§^i°S OI^CHXIIQ, 431 *!E4¥Hffe 431 bH^gCHI §£S UHd^21 431 S^gCHI |g 
S S^?3h ^ HIS AH >!M ^S°S Slfe BEfllSSlSISSXI . 

7 

1 CHI SiCHAH. 

431 hi 2 §e*eis xpi£?s4e §>xi sffe bise^aasii» &3i siaaasi a: 431 ti\&m&m& 

a|0l »§@ 3S^SS 31X1 3i 81i= BEHia^SSaxI . 

8 

1CHI SiCHAH , 

43| S§Si39iS SOG^ei 21 ^S2£ olfe BEHia32l£4xl . 
9 

§^gi 8CHI SiCHAH, 

431 SOGSjg ¥31 SOGeiej 31 81fe BEHia3SIS4xl . 

10 

S=?m 1011 SiCHAH. 

431 ^M^S^eie 3|xll4E||g0||AH£| A|£|fe°| 4S42I- XHS 3I»40IIAH2| 431 Al£*fe°| &m OH S|6H 

isab ^ais^as^ei as sib bexbbsisiss-xi. 

11 

1011 SiCHAH, 

431 21?, bH^S Efe a^52J = Wfer 3 SICH^ WmaxSi Si= Wmin312| g?imoil SIH. Wmax<4 
xWrain 2| £2J§ Golfer 31 agog sfe BEHI33SIS4x| . 

a^ps 12 

BEHI3I&2J ^eo|| S^g! BEHI±»£h 431 BEfll^X|2J ^^Ofl 14912 □ SI^OII 1S@ 21 
"Oil 250I3S OlgoKX £)E4?Ht31 HI 1 Sea, 1 ^. 431 HI 1 S2^2| 4S0II §43 

12 n s*¥oii ia@ es¥oii a diss oigsioi isb sE4¥Hi3i ohdsi hi 2 m&°im g>^ be 
Hia^sisaxisi Hi^saoiiAH. 

431 HI 2 X|3|^e4S 3Ulfe ^S4§^e|2t 930130)1 2I6H S&sHE! S48lfe 

ss§ s»8jfe as ^s°s si & ^sHia^sisaxisj His&a. 

S^tf 13 
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^=?m 120)1 aiOUH. 

2I¥ SEte dHtfgOII gg& &B0flte &3I dHt!S ?g§fb S^m±°i ar&g SfXISIte 

Sf^&Xia^oi gSSJOl Site ^§°S Sfte SJEHI33SISSXI2I HI£gJ3. 

m=?m 14 

130)1 sioiah. 

fePI *&8Km8 M£|±D| CVDgOII 2|6H ISS flBIStfSOte! 21 ?S°£ Site B.^fl|g5)SISS 
xl°J 

15 

(a) BfEX-PIEh&OII gggi XII 1 gas* Oil fii?i iSslfe 

(b) &d\ es¥°j uivs s^sife &;>i m 1 300*21 saoii &d\ 2§?i oh tie* hi i stsaii 

(c) &:>i hi 1 ses^i aoism #3i hi 1 §30*21 at? lhoii hi 1 sessjs yu°SMi 

HI 1 SETHIS g^olfe 

(d) £PI HI 1 £!ES¥H)°| ^¥0II :>IXIte SigiS^I SgSlte HI 2 i^afl g£< 
81 

(e) 4,01 HI 2 13^011 2I?i g S Site 

(f) HI 2 §20*21 fii?§ OHHeh HI 2 2££!¥Hlg g&Slfe i§3|, 3 El 2 

(g) 40| HI 2 SE£S*§ 0QI8IE1 &OI HI 2 12 a* 21 fiS¥0(| HI 2 SSg¥HIS gSSIfe S§i £ 

ifsite f§°§ ai^ e[£«isaisi^§xi2j His&a. 

§?§* 16 

g^g 15011 SiOUH. 

4PI ^e^lSBfS &OI ei£HPIEK)|| S0GS*8 £58112. SxHdlSlfer g£3te 51 sgog 

Site g*£HIS2!SIS§*xl2| HI52*g. 

S^g 17 

S^g 15011 2iCH/d, 

&oi s§si3^g feoi eiEHPiee i*g*s?i:?i si°j eie^joii ioccoisisi xisoiiah exism. & 

?\ LHOII SiH«M4- x (& MS &^4= 1 - 32) S*1J:>I. 1jSxj£4) S H&* SgJSIOI Aiding 4S^8h 

3. &PI AldffeOI S|2j# &D\ BJESDIBS 8»£|8fte 5?o S g^sjfe Jj§ sgog §^ OVEHIS 

siaesxisi Hisg*a. 

S^g 18 

S^g 15011 StOUH, 

4. PI HI 1 a£S¥AD^I g£J£lte QS¥°I ^(W)te . 3 SICHs (Wmaxpl 3 S^(Wniin)2| 4dH 
0|LH(Wmin^.W^.4xWmin)3| El £8? ggSlte 21 ^S2I Slfe 5}£WIS^SISSxl °l HISgfS. 

S^g 19 

18011 sioiah. 

£*3|(b)g§0l|AH &}| HI 1 §S^2| fiSVOII OHUa &3| SES^S &PI £l±^(Wmin)2| 4PI 21 
¥(HIAH21 3 S2(H1)31. 4,01 S|CJ| = (Wmax)21 4PI a#¥0l|AH21 3 S3(H2)2| »2| giJ8l3 
(H1%H2), SES fi3(H1) SI (H2)te £*U| HI 1 l£S|o| no*o| S3(u)SC1£ feg (H1=H2>L1) 

51 S ^§2£ Sfe tt£xH32s!SSSxl2| HI£g*S. 

S?g 20 

18011 2*01 AH, 

4PI(c)SS0(|AH 2D|@ £*3| HI 1 SE£!¥Hlte SJ4i^(Wmin) °l fiS¥0l|AH2| HD\ HI 1 S 

SES¥HI fiSSJ P^J^(K1)a &P| SICH^(Winax)2| ^Ol 2S¥0IIAH2| 4^1 HI 1 SSS^XH fiS2| Q| 

fej^(«2)2f mmm (ki^k2)sis ^s°s site aiEHia^a^sxisi his^s . 

21 

S^g 15011 St 01 AH, 

^s^asafsi ggsoii cvoss o\mm *dz\^tts}^m si^sm. n m &oi s=a§seis g 

SSm. nan CVOaoil S|SH ^ £|Saa^S S|2igo£M1 HI 2 S^eiS ggSlfe 2i ?§2£ 

Site ysiflia»2l£§x|o| HI£^S. 

S^S 22 
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§¥§} 15011 SiOIAH. 

4131 HI 1 £!E41¥H1°I ^. 4131 HI 1 SE4J¥H12| SSS gfe SfthgHiatS §4l81fe J§ H 
§°s site aEaiaaiassasi HI2£gfgj. 

23 

S^S 22011 &101AH. 

4131 8f^aX|B|oSAH aaiSSStstS S1351te 38 *§2g 511= g}E X1IS5!S|£§xl°| HlSgfg. 
24 

tt£»?l&6M)| §41 Si 2l¥i 3(11= HI 1 «sa*jlK 

4131 HI 1 l^QISJ fig ¥011 25 01 S 8 0IS5101 g£5! 3E41¥HI31 DHUSJ HI 1 SEgQJIU. 

4PI HI 1 SESB( ga HI 1 §ao|°J gyoil ggsju 2i«§ ^ A |j= HI 2 §9S|21. 

H£i2. 41 3i hi 2 as ^21 ea¥oii sioias oigsioi isa SE4i¥Hi3i amm hi 2 ses^o 

S OI^OIXIH, 413| HI 2 §2?ejg IPI^SSe 31X1 S&Slte 35 8 «§2£ Site 

&}EHI33£IS£1xl. 

25 

S?S- 24011 &10UH, 

4i3i ysHPie 41011 ias hi 3 Ajoii jj| , g^sioi isgn, 4131 hi 3 130121 as 

° S&S1SI01 Site 3JS ?§2£ Site SIEHIS^SISSxI. 
26 

15011 SIOIAH, 

401 ysapie 41011 §419 hi 3 sea* 41011 4.01 hi 1 i^^oi §4iaE. 401 hi 3 saajsi 

S S&S13CH Site as ^§25 Site yEHIS»S|S§x|2| HIS^S. 

m=?m 27 

§¥§ 12011 SIOIAH. 

4131 &£EflPie4fOII §41@ HI 3 IS^f ^oil 4131 HI 1 IS^OI §413E, 4131 HI 3 §£9t°l S3 
§ S&s190| Site 28 ^S2S Site &1EHI3^S|S§XI°I HISS1S. 

28 

S?» 1011 SLOIAH, 

4 h 3| &f£x||3|» 41011 §419 HI 3 1SS} 4K)|| 4^1 HI 1 1£E»0| §4192. 4131 HI 3 §ga|2| 5S 
° S&S1SICH Site as fS2S Site EfEfliaajslsSJI. 

29 

S^S 22011 sioiah, 

4131 S}^^j|Qf Afon HI 2 §2*3*01 a 41912. 4131 *f#&X|QtS 4131 HI 2 §3Q1S «!§» (EH 

3!!S^£IH#°£AH ^S51te as 51 te e>EXHaa|2|£3M2| fllSSB. 

S^S 30 

S^S* 15011 aid AH. 

4131 HI 2 SE41&18 §415131 20)1 4131 HI 1 SE4!¥H131 4^^4H3| §011 AH 01 W (anneal )Slte 31 

^s°£ si fe ei£Hia^as§xi°i his^s . 

S^S 31 

S^S 24011 StCHAH, 

6131 HI 1 2E41¥HI §41 413| HI 1 £!E41¥HI» Ste «^SX|Of« §415112. 

4131 a}A|uhx|oj. A^ou M 2 SSBfol §41311. 

4131 a^&XJOlg mj\ Ji\ 2 §2ie|S OH SilSASIHSfiSAH SfgSlte 21 agog SH = y 

Efll33SI£§xl. 

g^gl 32 

S^S 24011 SiCHAH . 

4f3l HI 2 2S41Q1S §415131 SOU 4131 HI 1 ££41¥HI0I| 4^S?|3| §2£ OiySlte aS ?§2 

s site ehsaiaaisissfl. 

33 
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«=?9 1011 9XO\M. 

feOI HI 1 SETHIS Sfe *tt»X|OK>l USSIH. 

I2a^£*?xf ^ *" 2 3!!SS 101 ^S-SfflS^SAH ^gSlfe agog sh^ «► 

£0 

ZB1 




1 
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